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PREFACE 


TO  THE  FIRST  AMERICAN  EDITION. 


*  ■ 


THE  well-established  reputation  of  Fer^uscnCs  As- 
tronomy^ renders  any  particular  encomiums  on  the  work, 
.at  this  time,  altogether  unnecessary,  •     ' 

The  numerous  editions  through  which  this  Treatise  has 
passed,  and  the  increasing  demand  for  it,  bear  ample  testi- 
mony to  its  merit. 

The  Publisher  submits  to  the  candid  acceptance  oF  his 
fellow-citizens,  this  correct  American  Edition ;  for  which 
he  solicits,  and  flatters  himself  he  shall  obtain,  then:  liberal 
patronage. 

No  cost*  or  pains  have  been  spared  to  render  it  wordiy 
of  this  patronage.  In  the  text,  a  number  of  typographi- 
cal errors,  and  grammatical  inaccuracies,  have  been  cor- 
rected ;  and  a  variety  of  notes,^  explanatory  or  corrective 
of  the  text,  which  the  numerous  discoveries  since  our  au- 
thor's time  had  rendered  necessary,  have  been  occasionally 
subjoined. 

Besides,  to  this  edition  alone  there  is  prefixed  a  copious 
explanation  of  all  the  principal  terms  in  astronomy,  chro- 
nology, and  astronomical  geography,  occurring  in  the 


work,  arranged  in  alphabetical  order ;  with  such  remarks 
and  examples  interspersed,  as  were  judged  necessary  for 
illustration :  together  with  Tables  of  the  periodical  times, 
distances,  magnitudes,  and  other  elements,  of  all  the  plan- 
ets,  both  primary  and  ^condary,  in  the  solar  system ;  ac» 
cording  to  the  latest  observations* 

This,  it  is  presumed,  cannot  &il  to  be  considered  as  a 
valuable  appendage  to  the  work — especially  by  the  young 
student  of  astronomy :  as  the  glossary  will  tend  greatly  to 
facilitate  his  progress,  and  the  tables  will  present  him  with 
a  comprehensive  view  of  the  whole  science — the  result  of 
the  observations  and  researches  both  of  past  and  present 
times. 

Philadelphia,  Feb.  Uth,  1806. 


Explanation  of  the  principal  Terms  relating  to  As* 

tronomi/j  Chronology^  and  the  astronomical 

parts  of  Geography  ;  with  occasional 

Illustrations  and  Remarks^ 


Merration  of  a  star,  is  a  small  apparent  xnotion^  occasioned 
by  a  sensible  proportion  between  the  velocity  of  Mght  and 
that  of  the  earth  in  its  annual  orbit.  From  this  cause> 
every  star  will,  in  the  course  of  a  year,  appear  to  describe 
a  small  ellipsis  in  the  heavens,  whose  greater  axis  =  40'^ 
and  its  lesser  axis,  perpendicular  to  the  ecliptic,  =  40" 
X  cos.  of  star's  lat.  (to  radius  i .)  In  astronomical  calcu- 
lations, where  great  accuracy  is  required,  and  the  place  of 
a  star  concerned,  a  correction  on  account  of  aberration, 
as  well  as  on  other  accounts,  ought  to  be  applied  to  the 
star's  place  as  found  in  the  ti^blcs.  This  correction  may 
readily  be  found  by  the  following  theorems ;  in  which  A  = 
the  star's  right  ascension,  D  =  its  declination,  and  S  =  the 
Sun's  longitude. 

Theorem  I.  ( — 1.272  cos.  (A— S))  t-  cos.  D  +  (0.055. 
COS.  (A  +  S))  T-  cos.  D  =  aberr.  in  R.  A.  in  seconds  of 
time. 

Theorem  2.^-20  cos.  A.  sin.  S.  sin.  D  +  18.346  sin. 
A.  cos.  S.  sin  D — 7.964  cos.  S.  cos.  D  =:  aberr.  in  dec.  in 
seconds  of  a  degree  :  obsen^ing  that  the  sine,  cosine,  &c. 
of  ail  arches  between  90^  and  270^  are  to  be  considered  as 
negative^  and  those  of  all  other  arches  as  affirmative. 

When  the  star  has  south  declination,  let  the  sign  of  the 
last  term  in  the  2d  theorem  be  changed. 
jicceleration  (diurnal)  of  a  fixed  star,  is  tlie  difference  be- 
tween the  sidereal  and  the  mean  solar  day,  which  =  3' 
55''.9  or  3'  56^'  of  mean  time  nearly  ;  and  so  much  sooner 
will  any  Bxcd  star  rise,  culminate,  or  set,  every  day,  than 
on  the  preceding  day.  A  planet  is  said  to  be  accelerated 
in  its  motion,  when  its  velocity^  in  any  part  of  its  orbit,  ex- 
ceeds its  mean  velocity ;  and  this  will  always  be  the  case 
when  its  distance  from  the  Sun  is  less  than  its  mean  dis- 
tance. 
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Kni^.or  efioett  vay  noted  ptuiit  of  time,  in  c 
which  cvcma  iire  j-ccVoned.  or  computations  niudc.  Dif- 
ferent natious  or  pcuple  siukc  uuc  u£  {lifTcrcm  epocha; 
as  the  Jews,  that  of  the  creation  vi  ihc  world;  the  chng* 
tian  nations,  tbut  of  the  iiuli*ity  ot  Christ,  A.  M.  4007; 
the  MahonicL-ius,  ibutof  the  Ht^ii-a,  or  flight  of  Maho- 
met frwm  Mecca,  A.  D.  623 ;  the  iincicnl  Cieeks,  tiint  of 
the  OlynipiikilB,  coDimcncini;  B.  C.  773 :  the  Roiiianx,  that 
oC  (ha  builiUiift  of  Rome,  B.  C.  7aS;   tlic  ancient  Per* 

'    siuns  ontl  A^syriuDs,  ihat  bS  Nuboiiusser.  Sec. 
Uli I tuilr  of  a  cticsual  body,  is  its  clcvulioniitiovc  the  horztm, 
inca&UTcd  on  tlie  arch  of  an  azimuth-circle  iaierccpied  be- 
tween ilie  body  and  the  liorizon.     The  a/i/>Brrni  altitude, 

,  or  that  mei;6urcd  by  an  instrument,  re  <v  ire  a  to  he  cor- 
rected in  orde no  obtain  the  tt-uc  altitude — I.  by  subtract- 

'  ing  the  rcfmctioa;  2.  hy  adding  the  paralbx ;  3.  by  sub- 
tmcting  the  dip  corresponding  to  the  height  of  the  ob- 

'  scrvci^S  cyo  above  the  Enri'ncc  of  the  cnrth  ;  und  4.  wlien 
the  Invrer  or  upper  limb  of  the  sun  or  nioon  is  obBevvcd, 
by  adding  or  snbiracting  the  apparent  scmidiumeier. 
yHiiiudr,  jneTiiHai't  Is  ihtit  Of  a  body  when  on  the  uicridinn, 

ha/iUltute  of  a  celeitlial  body,  is  an  avch  of  the  horiion  inicr- 
:epted  bctwecm  tlie  east  or  west  points  thereof,  and  that 

'  point  where  the  body  rises  or  sets-  The  true  amplitude 
jf  a  body  may  bu  found  by  the  following  proponioti  i 

Rad  i  COS.  Uil.  : :  liin.  dec. :  sin.  amp.  which  will  be  of 
he  same  name  (north  or  south)  with  the  declinuiioii. 

The  rliiTcrence  l>i;livccn  the  trur,  and  the  "loffwtic  am- 
piiiudu  uf  a  liudy,  or  that  ohscrvcd  by  a  compass  rurnislicd 
will)  a  magnetic  ncvdie,  will  be  the  variation  of  itie  com- 
pnM. 

'^".y/r  U  lli«  iucUnaiion  of  two  converging  lines  meeting  id 
n  pOtnt«'Ctliled  the  anguiar  point.     A  /Jtoic  »ii|;Ie  \*>  lliat 

[  draivn  on  d  plane  surface.  'I'hc  measure  of  a  pbnc  jngle 
is  the  arch  of  a  circle  comprehended  between  the  lines  m- 
I  ludtni;  the  Kngle,  the  angMhir  iK»nt  bcmg  the  centre.   A 

'  spheric  angle  is  that  loimeil  by  the  iutcrscciion  of  two 

I  !;rcai  cJI'cIgs  od  tfac  surface  of  a  sphere.  The  measure  of 
u  Hplieric  HDgle  is  the  arch  of  a  great  circle  comprehend- 
ed between  the  two  arches  including  the  angle,  the  angu* 


'  lar  point  helns;  ;is  pole. 


^wc/grof  a 


ungle  is  one  whose  mea" 
'     .mglc  is  one  less  (ban 

J  than  flo« 

.  i^net  from  its  npheUon. 
I 'I,  and  laran.  Trttrana' 
n  or  focus  of  tJie 


I  elliptlral  orhit,  fgnnedby  tlic  line  uf  apses  and  rudJus  «c. 


iffitf 
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tor.  Excentric  anomaly^  is  the  angle  at  thfc  centre  of  the 
elliptical  orbit,  formed  by  the  line  of  apses  and  a  line  drawn 
to  the  point  in  which  an  ordinate  passing  through  the 
planet's  true  place  in  its  orbit,  meets  the  circumference 
of  a  circle,  described  on  the  line  of  apses  as  a  diameter. 
Mean  anomaly^  is  a  sector  of  the  elliptical  orbit  over 
which  the  radius  vector  has  passed,  from  the  aphelion  to 
the  place  of  the  planet  in  its  orbit ;  and  is  proportional  to 
the  time  of  description. 

^intarctic  circle.   See  Arctic  circle. 

Antifiodea^  those  who  inhabit  parts  of  the  earth  diametrically 
oppomte  to  each  other. 

Anticiftation  of  the  equinoxcB  or  seaaona^  the  excess  of  the 
civil  Julian  year  of  365d.  6h.  above  the  solar  tropical 
year  of  365  days  5  hours  48  minutes  48  seconds.  This 
constitutes  the  difference  between  the  Julian  and  Grego- 
rian calendars,  or  old  and  new  styles. 

A/ihcUon^  is  that  point  of  a  planet's  orbit  which  is  at  the 
greatest  distance  from  the  sun. 

The  places  of  the  aphelia  of  the  several  planets  are  all 
Afferent,  and  have  each  a  small  progresuve  motion,  oc* 
casioned  by  the  mutual  attractions  of  the  planets  on  each 
other. 

Afiogee^is  that  point  of  the  moon's  orbit  which  is  at  the  great- 
est (Ustance  from  the  earth.  This  term  is  also  frequently 
applied  to  the  sun,  to  signify  that  point  in  which  he  is  at 
the  greatest  distance  from  the  earth. 

Afiaea  or  afiaidea^  are  the  extremities  of  the  greater  aids  of 
the  {Janets'  elliptical  orbits :  the  axis  itself  being  called 
the  line  qf  the  afiaea, 

Arctic  circle,  is  a  small  circle  parallel  to  the  equator,  and  at 
the  same  distance  from  the  north  pole  that  the  tropicts  are 

'  from  the  equator.  A  circle  similarly  situate  round  the 
south  pole,  is  called  the  antarctic  circle.'  These  are  also 
frequently  termed  the  north'tiolar^  and  aomth'^olar  circles, 
respectively. 

•  Aacenaion  of  a  celestial  body,  is  an  arch  of  the  equator, 

reckoned  from  west  to  cast,  and  intercepted  between  the 
equinoctial  point  Aries,  and  that  point  which  rises  with 

•  the  body.  This  is  distinguished  into  rights  and  oblique 
ascension,  according  to  the  angle  in  which  the  equator 
cuts  the  horizon. 

Aa/iectj  is  a  term  applied  to  signify  the  situation  or  apparent 
distance,  in  longittide,  of  any  two  celestial  bodies  in  the. 
zodiac,  from  one  another,  and  i»  particularly  denominated, 
and  designated  by  appropriate  character*,  according  to 
this  dist»ice-*-«»  conjunction  6i  ^xtile  ^,  quartife  U) 
trine  A,  opposition  S  ,  and  some  others,  which  see. 
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.Uleroidt,  ttar-hlce  bodieS)  a  term  of  recent  invention,  end 
applied  to  three  small  bodies  lately  discovered  in  the  so- 
lar system,  between  the  orbits  of  Mars  and  Jupiter,  rheit 
orbits  are  coiiBiderably  more  excentric  than  ihut  of  any  of 
the  other  pluneo;  though  their  elenienia  are  atiti  but  im- 
pei'fecily  ascertained. — -See  note  subjoined  to  the  Table 
of  the  solar  system,  pjge  73. 

Alfonomv,  is  that  science  which  explains  and  demonstrates 
the  phenomena  ol'  the  heavens. 

jftmatfi/irrc,  usuully  termed  the  air,  is  that  transparent  elas- 
tic Riiid  which  surrounds  the  earth.  It  is  indispensably 
necesaiiry  to  animal  and  vegetable  life,  coml'ustion,  and 
loany  other  functions  in  nature.  The  atmosphere  being  a 
perlectly  elastic,  comjiressible,  and  ponderoiia  fluid,  its 
density  must  decrcaue  upwards,  in  a  geometrical  ratio,  of 
the  heights  taken  inaritinitiical  i-atio  The  whole  weight 
of  any  coUinin  of  ilie  atmosphere,  on  the  surlace  of  the 
earth,  is  found,  by  experiment,  to  equal.  In  a  mean  uai^, 
thai  of  a  column  of  n'kcrctiry  of  an  etiual  base  and  about 
30  iiidies  igh  ;  that  is,  about  1$  pounds  avoir,  on  every 
superficial  inch.  The  planets,  if  not  the  sun  and  fixed 
stars,  are  all  probably  furnished  with  similar  atmospheres. 

Mlratti'iii,  is  that  power,  either  continually  exerted  by  the 
X}eity,  uccoriling  to  a  fixed  law,  or  by  him  communicated 
to  matter  i  by  which  all  bodies,  or  particles  of  hoilics, 
whether  in  contact,  or  at  a  distance,  adhere,  or  tend  to- 
wards each  other  Attraction,  according  to  the  manner 
or  c'lioimst.nces  of  its  operation,  is  commonly  distin- 
guished into  that  vfgravitt/,  tliat  of  roAcncn,  that  of  rltc- 
iricily,  &c. 

Axiaoia.  plnnet,  is  that  imaginary  line  pas^ng  through  its 
centre,  round  which  it  performs  its  diurnal  rotation. 

Aximuih  of  a  celesti^il  body,  is  an  arcli  of  the  horizon  inter- 
cepted between  the  meridianof  the  place  and  theazimuth- 
urclc  passing  tlirougli  the  body.  The  true  azimuth  of  a 
body  miiy  readily  be  calculated  by  the  resolutioit  of  a  sphe- 
ric triangle;  and  then  the  difference  between  this,  and 
that  observed  by  a  compass  furnished  with  a  magnetic 
needle,  will  be  the  variation  of  the  compass. 

Jzimui/i-rirclet,  are  those  great  circles  of  the  sphere  which 
pass  ihiougb  the  zenitJi  and  nadir,  and  conseciueoily  cross 
the  hoi  izou  a   right  angles. 

Baromeifr.  is  an  histrument  for  measuring  the  weight  of  a 
superincumbent  cohimn  of  the  atmosplicre,  at  any  given 
tjme  a)id  place.  It  is  commonly  made  of  a  long  glass 
tube,  of  a  moderate  bore,  open  at  one  end ;  which  being 
filled  with  wcll-^tiriticd  mercury  is  inverted,  with  the 
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open  end  dorniwards,  into  n  bason,  of  (he  same  fluid.  Ttic 
mercury  in  ihe  tube  will  then  siibsiJei  leaving  a  vuiuuin 
in  t:iv  upper  pan  of  tne  tiilte  ;  anil  die  heigtil  of  tl<c  co- 
lumn of  mercury  in  the  lube,  thus  sustained  bp  the  pres- 
«ire  of  the  almospbere  on  the  surface  of  the  inercuiy  in 
tile  basont  will  be  a  just  measure. of  its  weitjht. 

it  iafoundbyexpei-iment  that  the  height  of  the  column 
of  mercuiy  ia  not  alwuyH  (be  same  in  the  Mmc  phcc,  but 
varies  generally  between  38  tintl  3 1  inches,  on  the  surfiicc 
of  (he  ctirth.  The  barometer  has  been  applied  with  sue* 
cesa  ti)  (he  measurini;  of  accessible  ultiuitle*.  tor  ihia 
purpose  le(  the  height  9f  the  Tnercury  in  a  buromeier, 
both  at  the  botlom  and  (op  of  the  eminence  or  depth  to 
be  measured,  l>e  observed  as  nearly  as  may  be  ut  the  same 
time  Also  observe  the  icmpeniture  of  the  air  by  ther- 
moinetcrs  both  attached  to  the  bai'omclers,  and  at  a  dis- 
tAncc  from  them,  in  the  shade-  Then  let  the  column  of 
mercury  in  (he  colder  barometer  be  increased  byits96fl()th 
part  for  every  degree  of  difference  in  the  iwoattucbed  iher- 
mometers  (Fahr.  scale).  Subtract  the  common  lugaritlim 
of  the  less  column  of  mercury  fro^n  that  of  the  ^re^tcisand 
the  difference  multiplied  by  tODOO  will  Ik  the  ult.  nearly, 
in  iktlioms.  For  a  correction  apply,  by  addition  or  sub- 
traction, one  43sth  part  of  tJie  abDve  ult.  for  eveiy  degi'ce 
of  the  mean  temperature  of  the  two  detached  thermo- 
melefs  above  or  below  31  degrees,  and  the  result  will  be 
the  true  alt. 
BiiMexlUe,  a  year  condsiiog  of  566  days,  by  adding  a  day 
to  Ihe  month  of  February  every  4th  year.  This  dtiy  was 
by  Julius  Cksup  appointed  to  lie  tiie  a4th  of  March 
(culled  by  the  RonMiistheethof  (he  calends)  which  being 
reckoned  twicf,  tlie  year  was  on  this  account  termed  bit' 
itextilt.    This  year  is,  on  another  account,  called  Uofi- 

Calrndar,  Is  a  table,  almanac,  or  distribution  of  time,  suited 
to  the  several  uses  of  society. 

Various  calendars  have  been  adopted  by  different  na- 
tions in  different  ages  of  the  world. —  The  Komkin  calen- 
dar, as  corrected  aud  established  by  Julius  Cxsar.  and 
thence  culled  the  Juliun  calendar,  made  t;ie  yeiir  to  con- 
■iit  of  365^  days;  via.  three  years  each  containing  36 j, and 
the  4lh  366.  Out  as  the  solar  year  actually  falls  shoii  of 
the  Julijn  by  about  1 1  minutes,  Pope  Gregory  XIII,  in 
I  >83,  reformed  this  ealeiiddr,  by  striMn^  out  the  surplus 
days  Ihat  the  seasons  had  then  got  a-liead  of  the  calendar ; 
(viz.  10  days)  and  ordering  that,  in  luture,  3  days  should 
be  stricken  out  of  every  «U0  years  of  the  Julian  account, 
by  calling  every  ceotuml  yeu  not  devisibls  by  «  (u  1700, 
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1800,  1900,3100,  kc.)  f  common  year,  instetul  of  a  leap- 
year.  Thv  year  is  divided  inio  13  calendar  montlis,  liz. 
7  of  31  days,  4  of  30,  and  I  of  38  or  29. 

Central  force*,  are  ihose  by  the  influence  of  which  ihc  plan- 
ets nnd  comcis  perform  revolutions  round  their  centres  of 
motion,  und  ere  retained  in  their  orbits.  Those  lorcea 
ore  of  two  kinds,  viz.  the  centrifugal,  and  the  centripetal. 

Centrifugal  or  projectile  force,  may  be  considered  asa  «'n- 
jr/r  iin/iulse,  given  by  the  Creator,  and  which,  agreeably* 
to  the  laws  of  motion,  would  cany  the  body  witli  a  uni- 
form velocity,  in  a  rectilineal  direction. 

Cgniii/ielel  force,  or  force  of  gravity,  may  be  considered  as 
a  coniinu all y-ope rating;  inHuence,  tirging  the  body  dowti 
towards  the  centre  of  motion  :  and  according  to  the  pro-, 
portion  between  these  two  foi-ces  the  body  will  describe 
a  circular,  or  an  elliptical  orbit. 

Chronology,  ia  that  science  which  treats  of  time,  comprc- 
Iteiiding'  its  remarkable  <eras  or  epochs,  divisions,  subdl- 
vbions,  ani-l  measures. 

Cirtlr,  is  a  plane  figure  boundetl  by  a  uniformly-ctirved  line 
called  the  circumference,  every  pan  of  which  is  etjually 
distant  fron)  a  certain  point  within  the  same,  called  the 
centre.  Diamrter  is  a  right  line  passing  thi-uu(;h  the  cen- 
tre, and  terminated  on  each  side  by  the  circumference. 
Jiadiut,  or  seroidiameter,  is  the  distance  from  the  centre 
to  the  ciixumference. 

Ctrclet  of  Ihr  aphere  are  of  two  kinds — great,  and  small. 
Great  circlet,  are  those  which  divide  the  sphere  into  two 
ei|ual  parts;  the  chief  of  which  arc,  the  equator,  ihc  eclip- 
tic, meridians,  horizon,  azimuth-circles,  and  circles  of 
celestial  lon)>itude.  •Stisail  circles,  are  those  which  divide 
tliesphurc  Into  two  unenual  parts  ;  the  chief  of  which  are, 
parallels  of  altitude  and  of  depression,  parallels  of  terres- 
trial, and  parallels  of  celestial  latitude. 

Circle*  of  celetiial  longiludr,  are  those  great  circles  of  tlic 
sphere  which  cross  the  ecliptic  at  right  angles. 

Cireum-fiolar  stars,  are  those  which  appear  to  perform  daily 
circuits  round  the  pole,  without  ri^ng  or  setting ;  and  such 
are  all  those  whose  polar  distance  does  not  exceed  the  la- 
titude of  the  place 
Coluret,  are  those  two  meridians  which  pass  through  the 
equinoctial  and  solstitial  jKiints  of  the  ecliptic,  and  are 
hence  distinguished  into  the  eguinocnul  and  toUtitial  co-   I 
lures. 
Comeia,  are  certain  bodies  in  the  solar  system,  moving  ii 
very  eccentric  orbits,  in  vaiious  planes  and  directions, 
and  visible  but  for  a  short  time  when  near  their  perihe- 
lia :  and  then  generally  appearing  with  a  lucid  tail  or  truin 


(     13     ) 

of  light,  on  the  side  of  the  comet  opposite  to  the  sun. 
Frequently,  however,  comets  are  seen  without  this  lucid 
train  ;  the  body  or  nucleus  beinja:  surrounded  with  a  beard- 
ed or  hairy-like  atmosphere.  The  whole  list  of  comets 
that  have  been  hitherto  observed  amounts  to  upwards  of 
500  ;  of  which  about  1 70  have  been  observed  with  accu- 
racy, and  the  elements  of  their  orbits  computed. 

Conjunction^  is  that  aspect  in  which  two  celestial  bodies,  in 
the  zodiac,  have  the  same  longitude.  ^ 

Co;2»/f//crion,— this  term  is  applied  to  any  assemblag;e  or 
number  of  neighbouring  stars  in  the  heavens,  which  as- 
tronomers have  cliissed  together  under  one  general  name. 
They  are  generally  designated  by  the  names  and  figures 
of  some  living  creatures,  and  thus  delineated  on  the  ce- 
lestial globe  or  atlas.  The  number  of  constellations,  ac- 
cording to  the  ancients,  was  48,  viz.  12  near  the  ecliptic, 
called  the  12  signs  of  the  zodiac,  21  on  the  north  side  of 
the  zodiac,  and  15  on  the  south  side.  Modem  astrono- 
mers, by  forming  new  constellations  out  of  such  stars  as 
were  not  included  in  the  above,  have  increased  the  num- 
ber to  about  70— The  several  stars  in  each  constellation 
are  distinguished  either  by  letters  of  the  alphabet,  or  by 
numbers  :  and  some  few  by  proper  names ;  as,  Aldebaran^ 
Castor,  Pollux,  &c. 

Crepusculum  or  twilight-circle,  is  a  circle  of  depression,  18 
degrees  below  the  horizon  ;  for,  it  is  found  by  observation 
that  when  the  sun  crosses  this  circle,  before  risings  or  af- 
ter setting,  twilight  begins  or  ends.  This  is  occasioned 
by  the  rays  of  light  from  the  sun  being  refracted  and  re- 
flected by  the  earth's  atmosphere. 

Culmination  of  a  star,  is  the  point  of  its  greatest  elevation 
above  the  horizon,  or  where  it  crosses  the  meridian. 

Cuafisj  the  horns  of  the  moon,  or  any  other  planet,  when  less 
than  half  its  illuminated  part  is  visible. 

Cyclcy  is  any  certain  period  of  time  in  which  the  same  cir- 
cumstances, to  which  the  cycle  has  a  reference,  regularly 
return.    The  most  noted  chronological  cycles  are— 

1 .  The  cycle  of  the  sun^  a  period  of  28  years,  after  which 
the  same  day  of  the  month  will  happen  on  the  same  day 
of  the  week,  as  in  the  same  year  of  a  former  cycle. 

2.  The  Metonic  or  lunar  cyclcj  a  period  of  19  years, 
after  which  the  change,  full,  and  other  phases  of  the  moon, 
will  happen  on  the  same  days  of  the  month,  as  in  tho 
same  year  of  a  former  cycle. 

3.  The  cycle  of  Indiction^  a  period  of  1 5  years,  instituted 
by  Constantine  A.  D.  31*2,  probably  as  a  stated  period  of 
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levying  a  certain  tax,  and  afterwards  used  as  a  civil  epoch 
among  the  Romans. 

Note,  the  Ut  year  nf  the  Christian  a:ra  was  the  Isi  af- 
ter leap-year,  the  Vth  of  the  aolur  cycle,  llie  1st  of  the 
lunar  cycle.,  and  the  312th  oFllie  Chri»lian  xra,  was  the 
Ist  of  the  Roman  Indiction.  Hence  rules  may  be  easily 
deduced  for  computing  what  year  of  any  of  these  cycles, 
corresponds  to  any  given  ycyr  of  the  Christian  aeru. 
Dai/,  a  portion  of  time  measured  by  the  apparent  revolution 
of  the  sun,  moon,  or  stars,  round  the  earth.  The  day  is 
variously  distinguished  and  denominated,  according  to 
circumstances,  as  follows  :— 

I.  Anar(i^ria/doj,  is  the  interval  of  time  between  sun* 
vising  and  sun-setting  j  and  thuH  cojitradietinguishcd  from 
nigM  which  is  the  interval  between  aun-setting  and  sun- 
rising. 

S.  A  nuiural  day,  includes  both  the  artilicinl  day  and 
the  niglit. 

3.  An  afifiarent  solar  day,  it  the  time  in  which  the  sun 
appears  to  make  one  complete  revolution  round  the  carih. 
Tbeae  days,  owing  to  sundry  causes,  (see  equation  qfcitne) 
ATc  not  all  of  the  same  Icngtii,  btii  continually  varying. 

*.  A  mrait  Kolar  day,  is  nn  exncl  mean  of  all  the  appa- 
t^nt  soUr  djya  in  the  yeai^^Or  it  is  that  measured  by  a 
we  11 -regulated  time -piece. 

5.  A  Lunar  day^  is  the  time  in  which  the  moon  sppcars 
to  make  one  complete  revolution  round  the  earth  )  and 
exceeds  a  aolur  day  about  }  of  an  hour. 

6.  A  xidcrcel  day,  is  the  time  in  which  any  fixed  star 
appears  to  make  a  complete  revolution,  aud  is  Sm.  55".9 
less  than  a  mean  solar  day. 

The  day,  in  civil  reckoning,  begins  among  different  na- 
tions at  different  times. 

1.  Among  most  of  the  ancient  eastern  nations,  and 
some  of  the  modem,  it  begiris  at  sun-rising. 

3.  Among  the  ancient  Athenians  and  Jews,  the  eastern 
parts  of  Europe,  and  the  niodom  Iialiaiis  and  Cliinese,  it 
begins  at  sun-9c«ing. 

3,  With  the  ancient  Arabians,  and  still  with  astrono- 
mers, it  liegins  at  noon. 

4  Among  the  ancient  Egyptians  and  Romans,  (he 
Americans,  and  the  greater  part  of  Europeans,  it  begins 
at  midnight. 
Dcdinaiion  of  a  celestial  body,  is  an  arch  of  the  meridian 
passing  through  the  body,  and  intercepted  between  it  and 
the  equator ;  and  is  nortti  or  south  according  as  the  body 
is  north  or  south  of  the  equator. 
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Dtgrte,  the  560tb  pari  ofUie  circumference  of  any  circle.  Or 
the  90tb  part  of  a  right  angle. 

Dial,  or  aim-dial,  U  a  ctelineaiion  of  the  meridians  of  thr 
spherC)  oHi  a  plane,  in  such  a  manner  ihut  the  shadow  of 
a  gnninon  or  siite,  placed  with  ils  edge  parallel  lo  the 
Eai'lh'a  axis,  may  point  out  llic  hour  of  the  day.  OuU 
ar«  particularly  denominated  from  the  planes  on  which 
tliey  are  drawn  ■.  as  horizontal,  equatorial,  be. 

Digli,  the  1 3th  part  of  the  apparent  diameter  of  the  sun  or 
moon-  The  ([tianiity  of  an  eclipse  is  t^cn^riilly  estimated 
by  the  digits  of  the  luminary's  dictmeter  eclipsed. 

■Difl,  the  depression  of  the  visiblci,  below  the  tnie  horizon, 
which  "ill  be  more  or  less  according  to  the  height  of  tlic 
eye.  The  dip  corresponding  to  any  given  height  of  the 
eye  may  be  very  readily,  and  very  accurately,  found  by 
the  followini;  theorem. 

d  =  vh  —  ^  v'h  +  1";  in  vhich  h  ■=  height  of  eye 
in  feel,  and  d  =::  tlie  dip  in  minutes  and  parts,  of  a  degree: 
thus  for  16  feet  the  dip.  perrule=:*' — .3'  +  1"^  3' 49". 

Dime  motion  of  a  planet,  tn  its  orbit,  is  that  by  which  it 
appears  to  llie  obseinsr  to  move  according  to  the  order 
of  tiie  signs.  To  a  spccttiCor  in  the  sun,  iho  planetary 
tnotlona  u'ould  alwap  appear  direct.  'I'o  a  epeclaior  in 
ihc  earth,  the  motions  of  Mercury  and  Venus  will  appear 
direct  when  they  are  in  the  superior  or  opposite  parts  of 
their  orliits;  and  the  motions  of  the  other  planets  will 
a]ipeAr  direct  when  the  earth  i&  in  the  oppoute  part  of  its 
orbit  with  respect  to  (hem- 

Sine,  the  body  or  face  of  the  s»m  or  moon  na  it  appears  to 
■  spectator  on  ihc  cjrih  ;  or  ol  the  earth,  as  it  would  ap- 
pear loa  spectator  in  ihc  moon. 

Dominical  lettrr.    In  the  Kuitian  calendar,  it  was  customary 
to  prclix  the  (irst  7  letters  of  the  alphabet  to  the  several 
(lays  of  the  week  throughout  the  yenr,  always  bct^iiining 
the  year  with  the  letter  A.    The  letter,  then,  thjt  was 
pre.^Ked  to  the  Sundays  f  Dominici  dies)  throughout  the 
year,  wm  c»lled  the  Donunicil  letter,  lliis  may  be  found 
for  any  year  of  the  Christian  aem,  by  ihc  following  rule. 
Divide  Iho  centuries  by  4.  subtmrt  twice  the  re- 
mainder fmm  fi,  and  to  what  rcro.iinn  add  the  odd  years 
and  their  «lh  jxun,  rejecting  fn>ci ions  ;  divide  the  «.um 
by  7,  and  then  the  remainder  taken  from  7  will  leiive 
the  number  of  the  Dominical   letter  in  the  alphabet. 
Tbos  for  the  ycir  1  eO&  the  l>ominical  letter  will  coitie 
««  S=;t". 
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In  8  Icap^'p^r,  tlie  letter  iliu&  Tuund  viiil  be  the  Domi- 
nical ItUfv  lill  llic  23rli  of  Fob.  and  llic  prwccding  one  will 
be  The  t)utn.  let'  fram  thul  time  till  llic  end  of  the  year. 
Karikt  till.-  lliiril  plnncl  in  order  fi-om  tlie  sun  i  n  the  dis- 
tatico  oT  about  9S  millions  of  miles  ;   furnished  with  one 

F.cliiiKr.  When  any  sccondaiy  planet  passes  lliroilgli  the 
Khadoiv  of  iiK  primary,  it  is  said  to  be  eclipsed ;  as  the 
moon  by  ilir  shadow  of  the  earth,  or  any  of  Jupiter's  sa- 
tcllittR  by  his  shEidnw,  But  when  the  shadow  of  a  secon- 
dary planet  £ilis  on  iis  primary,  then,  wiih  respect  to  that 
part  of  the  primary  on  wlilch  the  shadow  falls,  the  sun  ia 
said  to  beeclipleil. 

Jiclifitic  limii.  is  a  ceriiiin  distance  from  the  node  of  the 
weonilary's  nrliii,  beyond  which  no  eclipse  can  happen. 
This  limit  "i::i  respect  to  a  solar  ccHp^  is  about  IT", 
and  with  respect  toa  lunar  eclipse,  abuui  13". 

Edi/Mic,  a  great  circle  of  the  sphere  in  the  plane  of  which 
the  earth  performs  its  annual  revolution  round  the  sun, 

El/iflte  or  rtHfiam,  a  plane  curvilincal  figui'e,  which  may  be 
deBcrit>ed  round  two  ccntics  thus.— Take  a  thread  of  any 
determinate  length,  tic  its  two  ends  togeiher,  and  throw 
the  loop  i-ound  two  pins  stuck  into  a  pbnc  board— then 
moving  i-onnd  a.  pencil,  or  the  like>  within  the  loop,  so  as 
to  keep  it  always  tight,  the  curve  described  will  be  an 
cllipris,— The  two  central  puinis. are  called  xlicjoei  of 
the  cllipKis  i  aiif^ht  line  passinR  thro«j;h  the  two  foci, 
and  terminated  by  rhe  curve  on  each  Ride,  is  called  the 
tran*vtr»e  Kxitt  or  diameter,  and  one  Iiisecting  this  at  right 
angtes  is  called  the  conju^ic. 

F.lo»galion  of  a  planet,  (Kcnerally  applied  to  Mercury  and 
Venus)  their  angular  distance  from  the  sun  as  seen  froai 
the  earth, 

JimholUmie,' Of  iniercalaiy,  a  term  applied  to  a  lunar  montJt    ' 
occasionally  ihromn  in  to  brlnf^  tip  the  lunar  to  the  solar 
years. — It  is  also  applied  to  the  29th  of  February,  thrown 
in  every  4th  year  to  majte  the  civil  years  correspond  with 
the  solar. 

Mmermuti,  the  end  of  an  eclipse  or  of  an  accultation. 

Epartf  tile  excess  of  solar  lime,  iibove  lunar.  In  thei  Gre- 
gorian caleiKlar  it  is  the  moon's  age  at  the  beginning  of 
the  year,  which  may  be  found  by  the  ibllowing  nile,  till 
the  year  1900. 

Subtract  I  from  the  Golden  number,  muhiply  the  re- 
mainder by  1 1,  and  the  product)  rejecting  the  30's,  will 
be  the  cpact. 
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£fiiich.    See  JEra.. 

Eqtiation  of  time ^  the  difference  between  apparent,  and  meau*- 
solar  time.  This  arises  fh>m  two  causes^  viz.  the  elliptic 
cal  figure  of  the  earth's  orbit  *in  which  the  diurnal  arches 
will  of  consequence  be  unequal;  and  the  inclination  of  the 
the  ecliptic  to  the  equator,  whence  equal  arches  of  the 
former,  in  which  the  earth  moves,  will  not  correspond  to 
equal  arches  of  the  latter,  on  which  time  is  measured. 

ISguatorj  that  great  circle  which  cuts  the  axis  of  rotation  at 
right  angles. 

Eguinoctial  points^  the  beginning  of  the  signs  Aries  and  Li- 
bra, those  two  points  of  the  ecliptic  in  which  it  crosses 
the  equator:  the  former  being  called  the  vemalj  and  the 
latter,  the  autumnal^  equinoctial  point. 

EqtdnoxeBj  the  times  when  the  sun  appears  to  enter  the 
equinoctial  points;  viz.  the  21st  of  March^  and  32d  of 
September. 

Excentricity^  or  eccentricity,  of  a  planet's  orbit,  is  equal  to 
half  the  distance  between  the  two  foci  of  the  elliptical 
orbit. 

Eocusy  fod.     See  Ellip^is^ 

Frigid  zonesy  those  round  the  poles,  bounded  hj  their  re* 
spective  polar  circles. 

Geocentric  place  of  a  planet,  is  its  place;  (generally  express-^ 
ed  in  latitude  and  longitude,  or  right  ascension  and  decli- 
nation) as  it  appears  from  the  earths 

Globes  (artificial)  small  spheres  of  paste-board,  or  the  like^ 
on  one  of  which  (called  the  terrestrial  globe)  are  drawn 
the  principal  circles  of  the  sphere,  together  with  the  se* 
veral  continents,  islands,  8cc.  of  the  earth,  in  their  rela* 
tive  situations  and  magnitudes.  On  the  other,  (called 
the  celestial  globe)  besides  the  circles  of  the  sphere^  are 
inserted  all  the  visible  fixed  stars,  distributed  into  their 
respective  constellations.  The  use  of  the  Giobet^  explains 
the  manner  of  solving  geographical  and  astronomical  pro- 
blems,  by  means  of  artificial  globes. 

Golden  number^  is  the  year  of  the  lunar  cycle,  increasing 
annually  by  unity  from  1  to  19. 

Gravity^  that  species  of  attraction  which  takes  place  be- 
tween bodies  at  a  distance  from  each  other,  and  by  which, 
if  not  oiherAvise  prevented,  they  would  mutually  approach 
each  other,  with  a  continually-accelerated  velocity.  Gra- 
vity is  directly  proportional  to  the  quantity  of  matter,  and 
inversely,  to  the  square  of  the  distance. 

Heliocentric  place  of  a  planet,  is  its  place  in  the  heavens,  as 
if  viewed  from  the  sun. 

*(  C  1*- 
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Hcrschel^  or  Georgium  Sidus^^ihe  7th  primary  planet  in  or- 
der from  the  sun,  at  the  distance  of  about  ISOO  millions 
of  miles.     It  is  furnished  with  6  satellites. . 

Horizon^  that  great  circle  of  the  sphere  which^  extended  to 
the  heavens,  is  the  boundary  of  our  vision.  It  is  usually 
distinguished  into  sensible  or  visible^  and  rational  or 
true. 

ffouTy  the  24th  part  of  a  natural  day. 

Horary  angle  of  a  celesUal  body,  an  an^le  at  the  pole  of  the 
equator,  included  between  the  meridian  of  the  place  and 
that  passing  through  the  body. 

ImmeraioTiy  the  beginning  of  an  eclipse,  or  of  an  occultation. 

Inclination  of  the  axia  of  a  planet,  the  angle  which  it  makes 
with  the  axis  of  the  plane  of  its  orbit. 

Inclination  of  the  orbit  of  a  planet)  the  angle  in  which  it 
crosses  the  ecliptic. 

Indiction^  (Roman).     See  Cycle. 

Ju/iiter<i  the  fifth  primary  planet  from  the  sun,  at  the  dis- 
tance of  about  490  millions  of  miles.  It  is  the  largest  in 
the  system,  and  is  funiished  with  four  satellites.* 

Latitude  qf  a  /ilace  on  the  earthy  its  distance  from  the  equa- 
tor, measured  on  the  meridian  of  the  place. 

Latitude  of  a  celestial  body^  its  distance  from  the  ecliptic, 
measured  on  a  circle  of  celestial  longitude  passing  through 
the  body. 

Leati'ye2x^  one  of  566  days,  occurring  every  4th  year,  and 
.  so  called,  because  in  that  year  the  Dominical  letter  falls 
back  two  lettei>  or  leafis  over  one.     See  Bissextile. 

Libration  of  the  moon,  a  small  apparent  libratory  motion, 
arising  chicRy  from  her  equable  rotation  round  her  axis, 
combined  with  her  unequal  motion  in  her  orbit 

Longitude  of  a  filace  on  the  earthy  an  arch  of  the  equator  in- 
tercepted between  the  prime  meridian,  and  that  passing 
through  the  place,  and  is  denominated  east  or  west,  ac- 
cording to  its  situation  with  respect  to  the  prime  meridian. 

Longitude  of  a  celestial  bodyy  an  arch  of  the  ecliptic,  reckon- 
ed according  to  the  order  of  the  signs,  from  the  equinoc- 
tial point  Aries  to  the  circle  of  celestial  longitude  passing 
through  the  body. 

Lunar  cycle.     See  Cycle. 

flfarsy  tlie  fourth  primary  planet  from  the  sun,  at  the  dis- 
tance of  about  144  millions  of  miles. 

Meridians^  great  circles  crossing  the  equator  at  right  angles. 

Meridian  of  the  filace^  that  passing  through  the  north  anci 
south  points  of  the  horizon. 
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d64he9vet$^  &at  poii^t  of  the  ecliptic,  or  of  the  equator, 

which  is  in  the  meridian. 
MinutCj  the  60th  part  of  an  hour,  or  of  a  degree. 
MmtAy  the  12th  part  of  a  year.   It  is  vaiiously  distinguish- 
ed according  to  circumstances,  viz. 
Lunar  iilutaintUive  months  the  time  between  the  first  ap» 
pearonce  of  one  new  moon,  and  of  the  next.     The  an- 
cient Jews,  with  the  Turks  and  Arabs,  reckon  by  this 
month. 
Lunar  {leriodical  months  the  time  in  which  the  moon  ap- 
pears to  make  a  revolution  through  the  2sodiac  =  27  d. 
7  h.  43  m.  8  s. 
Lunar  uynodical  months  or  lunation^  the  time  between  one 
new  moon,  or  conjimction  of  the  sun  and^moon,  and  the 
next:  at  a  mean  =  29d.  12h.  44m.  3s.  lit. 
JSolar  monthy  the  12th  part  of  a  solar  tropical  year  =  30d. 

lOh.  29m.  5s. 
Calendar  mon^A*,  those  made  use  of  in  the  common  reckr 

oning  of  time,  as  in  Almanacs  or  Calendars. 
The  judicial  months  consists  of  4  weeks  or  28  days. 
Moony  the  satellite  or  secondary  of  the  Earth,  at  the  dis- 
tance of  about  240  thousand  miles. 
•Vadiry  the  lower  pole  of  the  horizon. 

Mdea  of  a  planet* s  orbit,  ithose  two  points  in  which  it  cros- 
ses the  ecliptic.  That  in  which  the  planet  passes  from 
the  south  side  of  tlie  ecliptic  to  the  north,  is  called  its  as* 
tending"  node  or  dragon* n  tiead  SI ,  and  the  opposite  point, 
its  descending  node^  or  dragon's  tail  '5.  The  nodes  of  all 
the  planets'  orbits  have  a  slow  retrograde  motion,  occasion- 
ed by  their  moving  in  different  planes,  and  their  mutual 
attraction  on  each  other. 
Xonagetimalj  that  point  in  the  ecliptic  which  is  90^  fi'om  the 

hoiizon. 
Xutation  (f  a  star,  a  small  apparent  motion,  occasioned  by 
the  variable  attraction  of  the  sun  and  moon-  on  the  sphe- 
roidal figure  of  the  earth;  by  which  the  axis  is  maric  to 
revolve  with  a  conical  motion,  the  extremities  or  poles 
describing  in  18y.  7m.  the  lunar  period,  or  revolution  of 
the  moon's  nodes,  a  smull  ellipse  whose  transverse  diame- 
ter =  19*^.1  and  conjugate  =  14''.2.  The  correction  of 
the  right  ascension  and  declination  of  a  star  arising  from 
this  cause  may  be  readily  found  by  the  following  theo- 
rems: in  which  A  =  the  right  ascension  of  the  star  (per 
table),  D  =  its  declination,  and  N  =  the  longitude  of  the 
moon's  ascending  node. 

Th.  1 8''.3  cos.  (N—  A)  tan.  D  —  l".25  cos.  (N  + 

A)  tan.  D —  16''.25  sin.  N.  -  the  nutation  in  Ut.  as.  in 
seconds  of  time. 


,  Tb.  2.  +  9".55  COS.  N.  sin.  A  +  7"^  cos.  A  ain.  N  ^ 
■he  nutnlion  in  <leclin.  in  seconds  of  a  degree.  The  up- 
per signs  are  lo  be  used  when  the  star  has  nonh  dec. 
and  the  under  si^s  when  it  has  soulh  dec.  See  Aben-a- 
iJon. 

Oblique  oJHTcnuion  of  a  celestial  body,  thnt  point  of  tbe  equa- 
tor wliich  rises  at  the  sume  time  with  the  body  in  an  ob- 
tU[Ue  sphere. 

Obliijuiitj  of  the  ecliptic,  the  angle  in  which  the  ecliptic  crea- 
ses the  e(|uaiqr. 

Oceutiation  of  a  slar.'the  moon's  paasiii]];  between  the  War 
and  the  observer,  and  thereby,  for  a  time,  hiding  it  from 
his  sight. 

Olijmfiiadt.  Games  celebrated  by  the  Greeks  every  A  years. 
Sec  ^ni. 

O/'potiiion,  that  aspect  in  which  the  difference  of  longitude 
of  ihc  two  bodies  is  180". 

Orbit  of  a  planet,  the  path  in  which  i I  revolves  round  it-s 
centre  of  motion.  The  orbits  of  all  the  planets,  whether 
primary  ov  secondary,  are  cHiptical,  lhou|;h  of  but  small 
cxcentricity;  and  all  (with  the  exception  of  Herachel's 
sateliitcs)  nearly  in  the  plane  of  the  ecliptic,  or  earth*!! 

Parallax  of  a  celestial  body,  is  equal  to  the  angle  at  the  body, 
subtended  by  a  Bomicli.irneter  of  the  eurth  terminating  in 
the  place  of  the  observer.  Hence  the  horizontal  parallax 
of  a  body  will  be  the  {greatest,  und  in  the  zenith  it  will 
entirely  vanish.  The  fixed  stars,  from  their  immense  dis- 
tance, have  no  sensible  parulla.-c. 

Parallax  (if  the  rartti'a  aiiiiuat  orbit,  at  a  plonet,  is  the  angle 
at  that  placet  subtended  by  the  distance  between  the  earth 
and  Bim. 

Pcnui'iira,  a  faint  or  imperfect  shade,  observed  in  eclipses,  ■ 
and  occasioned  byo  partial  interception  of  the  sun's  light. 

Perigee,  that  point  of  the  moon's  orbit  wliich  Is  nearest  to 
the  earth.  The  term  is  sometimes  applied  lo  signify 
that  point  in  which  the  sun  is  nearest  to  the  earth. 

Perihelion,  ibnt  point  of  a  planet's  orbit  which  is  nearest  to 
the  sun . 

Periodical  rime  of  a  planet,  that  in  which  it  performs  a  com- 
plete revolution  round  its  centre  of  motion. 

Periled,  such  as  live  in  opposite  points  of  the  same  parallel 
of  latitude. 

Periacii,  tliose  whose  shadows  turn  (juite  round  during  the 
day,  the  sun  not  setting — and  sucli,  at  certain  times  of 
the  year,  ore  the  inhabitants  of  the  ftigid  zones. 
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FJnoHM  of  a  planet)  the  various  appearances  of  the  visible 
illuminated  part^  as  homed)  half  illuminated)  gibbous^ 
full. 

PlaneUy  bodies  in  the  solar  system)  ivhich  revolve  in  orbits 
nearly  circular,  and  all  nearly  in  the  same  plane.  They 
are  distingtdshed  into  primary^  and  secondary. 

The  primary  /Uanettj  revolve  round  the  sun  as  their 
centre)  and  the  secondaries)  round  their  respective  prima- 
ries as  their  centres. 

The  table  at  the  end  of  this  Glossary  contains  a  correct 
synopsis  of  the  distances)  magnitudes)  periods,  and  all 
the  other  important  elements  of  the  several  planets,  both 
primary  and  secondary,  in  the  solar  system,  according  to 
the  latest  observations.  The  sun's  horizontal  paralkX) 
as  determined  from  the  transit  of  Venus  in  1769)  being 

Poles  of  any  great  circle  of  the  sphere,  two  opposite  points 
in  the  surface  of  the  sphere,  each  90  degrees  distant  from 
the  circumference  of  the  given  circle. 

Precession^  recession^  or  retrocession  of  the  equinoxes,  a 
alow  motion  of  50"-J  per  year,  by  which  the  equinoctial 
points  of  the  ecliptic  are  carried  backwards  from  east  to 
west,  and  consequently  the  ecliptical  stars  carried  forwards 
from  west  to  east. 

This  motion  is  occasioned  by  the  attraction  of  the  sun 
and  mooU)  on  the  matter  of  the  earth  accumulated  at  the 
equator  by  its  diurnal  rotation. 

Primary  flianetsj  those  bodies  in  the  solar  system  which  re- 
volve round  the  sun  as  their  centre  of  motioU)  in  orbits 
nearly  circular. 

Prime  vertical^  that  azimuth-circle  which  passes  through 
the  east  and  west  points  of  the  horizon. 

QuadraiurCf  or  quartile^  that  aspect  in  which  the  bodies  have 
90<>.  difference  of  longitude. 

Radius  vector  of  a  planet)  the  distance  from  the  planet)  in 
any  given  part  of  its  orbitS)  to  the  centre  of  motion. 

Rejraction  of  a  celestial  body)  the  angle  in  which  the  rays 
of  light  coming  from  the  body,  are  bent  downwards  from 
their  right  course  in  falling  obliquely  upon,  and  passing 
through)  the  earth's  atmosphere.  This  is  greatest  in  the 
horizon,  and  entirely  vanishes  in  the  zenith. 

Retrograde  motion  of  a  planet)  that  by  which  it  appears  to 
the  observer  to  move  contrary  to  the  order  of  the'  signs. 
To  a  spectator  on  the  earth)  Mercuiy  and  Venus  will  ap- 
pear retrograde  when  they  are  in  the  inferior  or  nearer 
part  of  their  orbitS)  and  all  the  other  planets  will  appear 
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retrograilc  wben  the  earth  is  in  the  nearer  part  of  iis  qb-  I 

hit  with  respect  to  them.  I 

SairUiieSi  or  secondary  planets,    or  moons,  those  amallci-  I 

boriics  in  the  solar  sy&tem  which  regard  the  priinfirioa  as  ] 

their  centres  of  motion.  I 

Saturn,  a  primary  planet,  the  6tb  in  order  fivm  the  sun,  at  I 

Itie  distauce  of  about  'JtM)  millions  of  mile*.    It  is  furnish-  I 

ed  with  a  slupendoua  double  ring  and  7  satellites.  1 

■Seeond,  the  eoth  part  of  a  minute,  whether  of  time  or  of  a  I 

decree.  I 

Sexiile,  that  aspect  where  the  dil&rence  of  longitude  of  the  I 

two  bodies  =^  6Q".  I 

Siffri  of  the  ecliptic,  an  arch  of  SO*,  or  the  12th  part  of  the  I 

whole  circle.  I 

Sijpta  /if  the  zodiacy  twelve  constellations,  distributed  through  I 

the  sodiac,  and  nearly  al  c(|iili1  distances.  The  vernal  equi-  I 

iioctial  point  was  formerly  in  the  conslelbtion  Aries,  but  I 

owing  to  the  precession  of  the  equinoxes  it  is  now  in  the  I 

constellation  Pisces;  yet  the  artijieial  signs  continue  to  be  I 

called  by  ilicir  former  names.    The  c<|Uinoctiai  points  be-  I 

in^  Htill  denominated  Aries  and  Libra,  and  the  tiulstitiaL  I 

pouitt,  Cancer  and  Capricorn.  I 

SalaT  syalcm,  comprehends  tlio  HUn,  the  centre  of  the  sys*  I 

tcni,  the  primary  planets,  tlic  secondary  phincts,  and  tlw:  I 

contets.  I 

Solar  ryr^^— See  Cycle-  I 

Solaiicet,  the  limes  when  the  sun  cnteii  the  two  solstitial  I 

pointa  of  the  ecliptic^  viz.  the  21n  of  June,  the  time  of  I 

the  uurthem  Solstice,  and  the  32d  of  December,  that  of  I 

the  southern  solstice.     These  witli  relation  to  the  north-  I 

cm  hemisphere,  are  frequently  dcnominaled  the  summer,  j 
and  winter,  solstices,  respectively. 

HaUdiiiit  [uiinti,  of  the  ecliptic,  those  opposite  points  in  which 
the  sun  has  the  graatokt  declination,  viz.  the  beginning  of 
the  sign  Cancer  in  the  northern  hemisphere,  and  the  be* 
ginnin)>  of  the  sign  Capricorn,  in  the  southern. 

S/ilterr,  in  a  gconieirical  sense,  b  a  solid  contained  tinder  a 
uniformly-curved  surface,  every  point  of  which  is  B'lnaily 
distant  from  a  certain  point  within  the  same,  called  the 

centre.     This  term  is  applied  to  the  Mveml  celestial  bn-  j 
dies,  as  they  are  proUahly  all  noarly  uf  this  figure.     It  is 
also  applied  to  the  appuiTnt  concave  surface  of  the  has* 
\en3i  and  is  then  called  the  etUtikit  ififtcrr. 

The  sphere,  in  geography  and  astronomy,  Is  frei[uenlly  j 
ilistini;uishtd  by  the  epithets  light,  oblique,  or  parallel, 
according  to  the  position  of  the  eqiKiior  and  horizon: 
.Irish:  tf'here,  is  that  in  which  ^tie  equator  cuts  the  ha- 
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rizon  at  right  angles,  and  such  is  the  case  to  an  inhabitant 
at  the  equator.  In  this  sphere  the  lengths  of  tbi  days 
and  nights  are  always  equal. 

^n  olyiique  ^fihere,  is  that  in  which  the  iequator  cuts  the 
horizon  at  oblique  angles;  and  such  is  the  case  to  any 
inhabitant  north  or  south  of  the  equator.  In  this  sphere 
the  lengths  of  the  da3rs  and  nights  are  always  varjdng— 
the  variation  being  greater,  the  greater  the  latitude. 

A  parallel  9fihcr€y  is  that  in  Whioh  the  equator  is  parallel*, 
or  rather  coincident,  with  the  horizon;  and  such  is  the 
case  to  an  inhalntant  at  either  pole.  In  this  sphere,  the 
sun  will  be  six  months  successively  visible,  and  six  in- 
visible. 

^heroidy  a  solid  which  may  be  conceived  as  generated  by 
the  rotation  of  an  ellipsis  round  its  tranverse  or  conju- 
gate diameter.  In  the  former  case,  the  spheroid  is  'said 
to  be  prolate^  and  in  the  latter,  oblate.  The  figure  of  the 
earth,  and  perhaps  that  of  most  of  the  other  planets,  is  near- 
ly that  of  an  oblate  upheroid.  This  arises  from  their  rotato- 
ry motion  round  their  axes,  by  which,  the  attraction  at  the 
surface  is  continually  diminished  from  the  poles  to  the 
equator,  by  the  continued  increase  of  the  centrifugal  force; 
and  thus,  the  equatorial  diameter  becomes  greater  than 
the  polar.  It  follows  from  this  figure,  that  the  length  of 
the  degrees  of  latitude  gradually  increase  from  the  equa- 
tor to  the  poles.  To  this  figure  of  the  earth  we  ure  to 
ascribe  many  of  the  apparent  irregularities  in  the  motions 
of  the  <:elestial  bodies:  as,  the  precession  of  the  equinoxes. 
the  nutatioin  of  the  stars,  &c. 

Star^^  or  fixed  9tars^  luminpus  bodies,  at  an  immense  dis- 
tance, appearing  in  all  parts  of  the  heavens.  They  all 
probably  resemble  the  sun  in  matter  and  in  magnitude, 
and  are  each  the  centre  of  a  system,  similar  to  ^e  solar 
system.  They  are  sdid  to  be  fixed  because  they  con- 
stantly preserve,  very  nearly,  the  same  relative  position 
to  each  other.  Besides  the  small  apparent  modon  of  the 
stars  arising  from  aberration,  and  nutation,  and  the  pre- 
cession of  the  equinoxes;  in  some  of  them  there  has  been 
discovered  a  very  slow  (in<ieed)  firofier  motion.  Whence 
it  is  conjectured  that  not  only  the  bodies  belonging  to  the 
innumerable  systems  of  .stars  are  in  motion  round  their 
respective  centi*es,  but  that  all  the  systems  of  bodies  in 
the  universe  are  themselves  in  motion  round  some  com* 
mon  centre— «and  that  thus  they  are  prevented  from  ap- 
proaching each  other,  which,  from  their  mutual  attrat  • 
tions,  th^  must  othcr^vi3e  do. 
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Stationary.  Tliis  term  is  ajiplicd  to  a  plunel,  when,  fcr  Bomo 
timei  it  appears  to  a  spectator  to  occupy  the  Mine  place 
in  ilic  zoiliiic.  I'o  a  spectator  in  iho  sun,  the  planets' 
motions  would  ulwuys  appear  direct;  and  tliat  they  ever 
appear  oiherwise  lo  a  spectaior  on  the  earth,  ik  owing  to 
ilH  own  motion,  and  being  placed  out  of  the  centre  of  t!iu 
system.  To  stich  a  spectator.  Mercury  and  Venus  will 
'  appear  stationary  when  at  their  greatest  clotigation:  and 
all  (he  other  planets  will  appenr  stutionaLfy  when  tlie  earth 
is  Ht  iu  greatest  elongation  with  respect  to  Ihem. 

Stylff  the  particular  manner  of  counting  lime.  It  is  dis- 
tinguished into  old  and  new. 

Old  myte,  is  that  which  follows  the  Julian  calendar. 
J^co)  atylr,  is  that  wlkich  follows  tlie  Gregorinn  calendar. 
See  Calendar.     In  the  year  1800  tlie  tatter  was  13  daya 
ahead  of  the  former,  and  in  every  centurial  year  not  divi- 
sible by  4,  thediFTercnce  will  be  increased  1  day. 

Sytimis  q/'  tlie  Universe.  Of  these  there  are  3  noted  ones 
in  the  history  of  astranomy.  viz.  the  Ptolrmeon  xi/sttm, 
advucated  by  many  of  the  ancient  philosophers.  Accord- 
in  1^  to  this,  the  earth  occupies  the  centre  of  the  univerac» 
and  is  at  rest;  while  all  the  celestial  bodies  revolve  roiitid 
it  from  east  to  west,  every  34  hours.  The  Tythoncan  «i/». 
rent,  invented  by  Tycho  flrahe,  a  noted  Danish  Aslrono- 
nomer,  bom  A.  D.  1546.  According  to  this  iysleni,  the 
earth. as  in  the  Ptotemean  system,  is  t)taccd  in  the  cenire 
of  the  universe,  the  moon  revolving  round  the  earth  as 
licr  proper  centre,  while  the  sun,  with  all  the  oiher  pla- 
nets moiing  round  him  aa  satellitea,  revolve  also  round 
the  earth. 

Cofiernican  system,  maintained  by  many  of  the  ancients, 
particularly  by  Pytbugoras,  revived  by  Copernicus  a  na- 
tive of  Thorn  in  Prussia  (bom  1473),  and  deraonstruted 
by  Sir  Isaac  Newton.  According  to  this  it  is  demon- 
strated that  tlie  sun  is  the  centre  of  the  planetary  sys- 
tem) the  primary  planets  revolving  round  him  in  their 
annual  orbits,  and  tlie  secondaries  round  their  respective 
primaries.  That  the  orbits  both  of  the  primary  and  sc- 
condarj-  planets  arc  all  nearly  circular,  though  in  tact  ellip- 
tical; tbc  sun,  or  primary,  being  placed  in  one  of  the 
foci  of  the  respective  orbits.  That  they  all  lie  nearly  in 
the  same  plane.  That  all  the  planets  revolve  nearly  in 
the  same  direction,  tbc  square  of  their  periodical  times 
being  directly  proportional  to  tbe  cubes  of  their  mean 
distances  from  the  centre  of  motion.  That  the  earth, 
and  perh.aps  most,  if  not  all  the  other  primary  planet»i 
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perform  a  diurnal  rotation  round  their  axe^ ;  and  that  the 
moon,  or  satellite  of  the  earth,  as  well  as  perhaps  all 
the  other  satellites,  constantly  present  the  same  face  to- 
wards their  primaries.  That  the  inclination  of  the  axis 
of  rotation  to  the  plane  of  the  orbit  is  different  in  differ- 
ent planets ;  and  that  thus  they  experience  a  difference 
in  their  diversity  of  seasons. 
Syzigy.  This  general  term  is  applied  both  to  signify  the  con- 
junction and  opposition  of  a  planet  with  the  Sun.— —It  is 
however  chiefly  used  in  relation  to  the  moon. 
Tidca^  a  periodical  alternate  motion  or  flux  and  reflux  of 
the  waters  of  the  sea. 

These  are  caused  chiefly  by  the  attraction  of  the  moon, 
though  in  part  by  that  of  the  Sun  also  ;  and  accordingly 
there  are   two  tides  of  flood  (and   consequently  two  of 
ebb)  in  the  course  of  every  lunar  day.     The  apex  of  one 
of  the  tides  of  high  water  is  immediately  under,  or  ra- 
ther about  45^  eastward  of,  the  moon;  and  the  other,  dia- 
metrically opposite.     These  are  produced  by  the  unequal 
attractions  of  the  moon  on  the  part  of  the  eaith  nearest 
to  her,  on  the  centre  of  the  earth,  and  on  the  part  farthest 
from  her  (attraction  decreasing  inversely  with  the  square 
of  the  distance.)     One  tide  therefore  is  produced  by  a  re- 
dundancy of  attraction,  drawing  the  waters   up  towards 
Ae  moon,  and  the  opposite  tide,  by  a  deficiency  of  attrac- 
tion, leaving,  as  it  were,  the  waters  behind.     When  the 
sun  and  moon  are  in  conjunction  or  opposition,  the  tides, 
being  then  produced  by  their  joint  influence,  are  higher 
than  usual,  and  hence  called  sfiring-tides  ;  but  when  these 
bodies  are  in  quadrature,  the  tides,  being  produced  by  the 
difference  of  their  influence,  are  lower  than  usual,  and 
hence  called  neafi'tidea^ 
Time  is  measured  by  the  apparent  motion  of  the  celestial 
bodies ;  and  is  variously  distinguished  :  thu»— 

Jififiarent  solar  time,  is  that  measured  by  the  apparent 
motion  of  the  sun ;  and  hence  the  apparent  solar  time 
from  noon,  is  equal  to  the  sun's  horary  angle  reduced  to 
time,  at  the  rate  of  15^  to  the  hour. 

Mean  solar  time,  is  that  shewn  by  a  true  time^piece, 
going  with  an  equable  motion  throughout  the  year. 

Sidereal  timej  is  that  measured  by  the  apparent  equa- 
ble motion  of  the  stars. 

Lunar  iimey  that  measured  by  the  apparent  motion  of 
the  moon.   See  Day. 

Transit  of  an  inferior  planet  (Mercury  or  Venus)  over 
the  sun's  disc,  is  when  the  planet,  at  the  time  of  an  in* 
ferior  conjunction,  passes  between  the  jsun  and  tjie  ob"* 
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server.  This  ivill  only  happen  "when  the  planet^  at  the  time 
of  this  conjunction,  is  in  or  near  its  node. 

Trtnej  an  aspect  where  the  bodies  are  at  the  distance  of 
^  of  the  ecliptic  or  120°. 
Twilight.    See  Crepusculum. 
Fcnus^  the  second   primary  planet  from  the  snny  at  the 

distance  of  about  68  millions  of  miles. 
Yeavy    a  period  of  time  generally  considered  as  compre* 

hending  a  complete  revolution  of  the  seasons.    The  yeai^ 

18  variously  distinguished,  viz. 

1.  Trofiical  Solar  year,  the  time  in  which  the  sun  appears 
to  perform  a  complete  revolution  through  all  the  signs  of 
the  zodiac  =  365d.  5h.  48m.  488. 

2.  Sidereal  year,  the  time  in  which  the  sun  appears  to 
revolve  from  any  fixed  star  to  the  same  again  ==  365d.  6h. 
9m.  17s.  The  difference  between  the  tropical  and  sidereal 
year  (20m.  29s.)  is  the  time  of  the  sun's  apparent  motion 
through  50'*^  the  arch  of  annual  precession. 

3.  Lunar  astronomical  yeary  consists  of  12  lunar  synod!- 
cal  months^  354d.  8h.  48m.  388.  and  therefore  10d.21h.0mr 
10s.  less  than  the  solar  year— ^a  difference  which  is  the 
foundation  of  the  epact. 

4.  The  common  lunar  civil  year,  consists  of  12  lunar  civil 
months,  =  324  days. 

5.  The  embolismzc  or  intercalary  lunar  year,  consists  of 
13  lunar  civil  months  =  384  days. 

6.  The  common  civil  year,  contains  365  days,  divided  into 
12  calendar  months. 

7.  Bissextile  or  leap-year,  containing  366  days.  See  cal- 
endar. 

Zenith,  the  upper  pole  of  the  horizon. 
Zenith-cUatance  of  a  celestial  body,  its  distance  from  the  ze* 
nith,  measured  on  the  azimuth-circle  passing  through  the 
body,  and  is  equal  to  the  complement  of  the  altitude  to  90*. 
Zodiac,  a  zone  or  broad  circle  in  tlie  heavens  including  all 
the  planets,  and  extending  about  10<^.  on  each  side  of  the 
ecliptic. 
Zodiacal  light,  a  pyramidal  lucid  appearance,  sometimes  ob- 
served in  the  zodiac,  resembling  the  galaxy,  or  milky 
w^ay.     It  is  most  plainly  observable  after  the  evening  twi- 
light about  the  latter  end  of  February ;   and  before  the 
morning  twilight  about  the  beginning  of  October.   For  at 
these  times  it  appears  nearly  perpendicular  to  the  horizon. 
This  appearance  is   generally  supposed  to  be  occasioned 
by  the  sun's  atmosphere. 
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Ztn^y  in  astronomical  geography^  is  applied  to  a  divisioa  fl| 
the  earth's  surface  by  certain  parallels  of  latitude. 

The  Zones  are  5  in  number)  viz. 

1.  The  torrid  zoncj  lying  between  the  two  tropics.  It 
comprehends  the  West  India  Islands,  the  greater  parts 
of  South  America  and  of  Africa,  the  southern  parts  of 
Asia,  and  the  East  India  Islands. 

3.  The  north  frigid  zone^  lying  round  the  north  polet 
^d  bounded  by  the  north  polar  circle.  It  comprehends 
part  of  Greenland,  of  the  northern  regions  of  North 
America,  and  a  little  of  the  norther^  parts  of  Europe 
and  Asia. 

3.  The  south  /rigid  zone,  lying  round  the  south  pole» 
jmd  bounded  by  the  south  polar  circle.  It  contains  no 
dry  land,  so  far  as  yet  discovered. 

4.  The  north  temfierate  zdhey  lying  between  the  torrid 
and  north  frigid.  It  comprehends  almost  the  whole  of 
North  America,  £urope,  and  Asia,  with  the  northern 
part  of  Africa. 

5.  The  south  temfierate  zone^  lying  between  the  torrid 
and  south  frigid.  It  comprehends  the  southern  part  of 
South  America,  of  Africa,  and  of  the  great  island  of  New* 
Holland. 

In  the  torrid  zone,  the  sun  is  vertical  twice  a  year  to 
every  part  of  it,  and  there  is  very  little  diversi^  in  the 
length  of  the  day  throughout  the  year,  the  longest  day 
varying  oniy  from  12  to  about  13}  hours.  In  the  tempe* 
rate  zones  the  sun  is  never  vertical,  and  the  length  of  the 
longest  day  varies  from  about  .13}  to  24  hours.  In  the 
frigid  zones,  the  length  of  the  longest  day  (or  time  be- 
tween the  sun's  riang  and  setting)  varies  from  24  hours 
to  6  months. 
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J  /^^  iill  tl»^  sciences  cultivated  by  mankind,  ^*  K""^ 
\^^  antronomf/  is,  acknowledged  to  be,  andistr^«' 
tliiiluubicdly  is,  the  most  sublime,  the  most  inter- "T- 
estirig,  and  tlie  most  useful.  For,  by  knowledge 
derived  from  dlis  science,  not  only  the  magnitude 
of  the  earth  is  discovered,  the  situation  and  extent 
of  the  countries  and  kingdoms  upon  it  ascertained, 
trade  and  commerce  carried  on  lo  the  remotest 
parts  of  the  world,  and  the  various  products  of  se- 
vcral  countries  distributed  for  the  healtli,  comfort, 
and  conveniency  of  its  inhabitants ;  but  our  very  fk- 
culiies  are  enlarged  with  the  grandeur  of  the  ideas 
it  cunveys,  our  minds  exalted  above  the  low  con- 
tracted prejudices  of  the  vulgar,  and  our  under- 
standings clearly  convinced,  and  affected  with  the 
conviction,  of  the  existence,  wisdom,  power,  good- 
ness, immutability,  and  superintendency  of  the 
SUPREME  BEING.  So  that,  without  an  hy- 
perbole, 


'*  ^n  undrvout 

2.  From  this  branch  of  knowledge  we  also  learn 
by  what  means  or  laws  the  Almighty  carries  on, 
and  continues,  the  wonderful  harmony,  order,  and 
cotmexiun,  observable  throughout  the  planetary 
system;  and  arc  led,  by  very  powerful  arguments, 
to  fonn  this  pleasing  deduction — that  minds  capable 

*  Dr.  ¥ouiig>B  Night  TboughU. 
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of  sucli  deep  researches,  not  only  derive  their  ori- 
gin from  that  adorable  Being,  but  aie  also  incited' 
to  aspire  after  a  more  perfect  knowledge  of  his  na- 
ture, and  a  stricter  conformity  to  his  will. 
TheE«rih  3.  By  astronomv,  we  discover  tliat  the  Earth  is 
ulee^n'"* ^'^  ^°  ^rtdX  a  distance  from  the  Sun,  that  it  seen  from 
from  the  thence  it  would  appear  no  larger  than  a  point ;  al- 
^"^  though  its  circumference  is  known  to  be  25,020 
miles.  Yet  even  this  distance  is  so  small,  compared 
with  that  of  the  fixed  stars,  tiiat  if  the  orbit  in  which 
the  Earth  moves  round  ihe  Sun  \vere  solid,  and  seen 
from  the  nearest  star,  it  would  like^iise  appear  no 
brger  than  a  point ;  although  it  is  about  L62  mil- 
Hons  of  miles  in  diameter.  For  the  Earth,  in  ^o- 
ing  round  the  Sun,  is  162  millions  of  miks  nearer 
to  some  of  tlie  stars  at  one  lime  of  the  year,  than 
at  another ;  and  yet  their  apparent  magnitudes,  si- 
tuations  and  distances  from  one  another,  still  re- 
main the  same;  and  a  telescope  «hich  magnifies 
above  200  times,  docs  not  sensibly  magnify  thein. 
Thi|  pro\-c5  them  to  be  at  least  400  thousand  tim 
farther  i'rom  iis  than  ue  are  from  the  Sun. 

4.  It  is  not  to  be  imagined  that  all  the  stars  are]1 
placed  in  one  concave  surface,  so  as  to  be  equally 
distant  from  us;  but  that  tliey  arc  placed  at  im. 
mense  distances  from  one  anolhtr,  through  unit, 
mited  space.     So  that  theie  may  be  as  great  a  di 
tance  between  any  two  nt-ighbouring  stars,  as  b 
tween  the  Sun  and  those  which  are  nearest  to  hitm 
An  observer,  dierefore,  \\\io  is  nearest  any  fisi 

The  star*  star,  will  look  upon  it  alone  as  a  real  Sun ;  and  coit. 

«rc  BuiiB,  ^jjgj.  jjj^  ^^  ^  gjj  many  shining  points,  placed 

equal  distances  from  him  in  the  firmament. 

5.  By  the  help  of  telescopes  we  discover  ihousan* 
of  stars  which  are  invisible  to  the  bare  eye;  at  __ 
the  better  our  glasses  are,  still  the  more  stars  become' 

uid  inmi-  visible  :  so  that  we  can  set  no  limits  cither  to  their 
mtrable.   number  or  their  distances.     The  celebrated  Hur, 
cENs  carried  his  thoughts  so  far,  as  to  believe 
not  impossible  that    there  may  be  stars  at  sue 
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inconceivable  distances,  that  their  light  has  not  yet 
reached  the  Karth  since  its  creulion;  although  the 
velocity  of  Ught  be  a  million  of  times  greater  Uian 
the  velocity  of  a  cannon-ball,  as  shall  be  demon- 
strated afterward,  f  197.216. — And,  as  Mr.  Ad- 
dison very  jiisdv  observes,  tlm  thought  is  far  from 
being  cxtiavagaiu,  when  we  consider  that  die  uni- 
verse is  die  (vork  of  infinite  power,  prompted  by  in- 
finite goodiK-ss;  having  an  infinite  space  to  exert  it- 
self  in;  so  Uiat  our  imaginations  con  set  no  bounds 
to  it. 

6t    The  Sun  appears  very  bright  and  Iarg;e  inWhyUic 
comparison  with  the  fixed  stars,  because  we  teep  p""„*'','^ 
constantly  near  the  Sun,    in  comparison  with  ourgti-tiisn 
immense  distance  from  the  stars.     For,  a  spectator  ^''^  '^*' 
placed  us  nc'iir   to  any   atar  as   wc  «rc  to  the   Sun, 
would   sec  that   star  a  body  as  large  and  bright  as 
the  Stni  appears  to  us  :  and  a  spectator  as  liir  distant 
from  the  sun  as  we  are  from   the  stars,  would  see 
the  Sun  as  small  as  we  sec  a  star,  digested  of  all  its 
circumvolving  planets;  and  would  reckon  it  one  of 
the  stars  in  numbering  diem. 

7.  The  stiirs,  being  at  such  immense  distances  The  surt 
from  die  Sun,  cannot  possibly  receive  from  him  so*™""';*?' 
strong  a  light  as  they  seem  to  have ;  nor  any  bright.  bf^« 
ncss  sufficient  to  make  them  visible  to  us.     For  theSu". 
Sun's  rays  must   be  so  scattered  and  dissipated 
before  they  reach  such  remote  objects,  that  they 

can  pcver  be  tnuismiticd  buck  to  our  eyes,  so  as  to 
render  these  objects  visible  by  reflection.  The  stars 
therefore  sliine  with  their  ow'n  native  and  imbor- 
rowed  lustre,  as  the  Sun  docs.  And  since  each  paN 
ticular  star,  as  (veil  as  the  Sim,  is  confined  to  a  par- 
ticular portion  of  space,  it  is  plain  dial  the  stars  are 
of  the  same  natun:  nith  the  Sun. 

8.  k  is  no  ways  probable  that  the  Almighty, 
who  always  acts  with  infinite  n'isdom,  and  does  no- 
thing in  vidn,  should  create  so  many  glorious  suns, 
lit  for  so  many  important  purposes,  and  place  them 
at  such  distances  bvm,  ouc  another,   without  pro- 
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They  «re 
probiibly 
surround- 
Cll  by  pl*- 


Tiie  stel- 
lar planet! 
in  By  be  ht' 

bilable. 


per  objects  near  enough  to  be  benefited  by  tliei 
influence.  Whoever  imagines  that  ihcy  were  created 
only  to  give  a  taint  glimmering  light  to  the  inha- 
bitants of  this  globf,  must  have  a  ver}'  superficial 
knowledge  of  astronomy,  and  a  mean  opinion  oithe 
Divine  Wisdom :  since,  by  an  infinitely  less  exer- 
tion of  creating  powL-r,  the  Deity  could  have  given 
ovr  EarUi  much  more  light  by  one  single  udoitional 
moon. 

9.  Instead  then  of  one  Sun  and  one  world  only 
in  the  universe,  as  the  unskilful  in  astronomy  ima- 
gine, tltat  science  discovers  to  us  such  an  incon- 
ceivable number  of  suns,  systems,  and  worlds,  dis- 
persed through  boundless  space,  that  if  our  Sun, 
with  all  the  planets,  moons,  and  comets,  belonging 
to  it,  were  annihilattd,  thfy  uould  be  no  more 
missed,  by  an  eye  that  cnnld  take  in  the  whole 
creation,  than  a  grain  of  sand  from  the  sea-shore — 
the  space  Uicy  possess  being  comparatively  so  small, 
that  it  would  scarce  be  a  sensible  blank  in  the  uni- 
verse. Saturn,  indeed,  the  outcnnost  of  our  plan- 
ets, revolves  about  the  Sun  in  an  orbit  of  4884  mil- 
lions of  miles  in  circumference  ;*  and  some  of  our 
comets  make  excursions  upwards  of  ten  thousaiijJ 
Diitlions  of  miles  beyond  Saturn's  orbit ;  and  yetJ 
at  riiat  amazing  distance,  they  are  incomparably, 
nearer  to  the  Sun  than  to  any  of  the  stars.  This  is 
evident  from  their  keeping  clear  of  the  attractive 
power  of  all  the  stars,  and  returning  periodically  by 
virtue  of  the  Sun's  attraction. 

10.  From  what  \\c  kno\\-  of  our  own  system, 
may  be  reasonably  concluded  tliat  all  the  rest  an 
with  equal  wisdom  conirived,  situate,  and  pre 
vided  with  accomnnxlalions  for  raiion:il  inhabit 
ants.  Let  us  llierelore  take  a  survey  of  th«^ 
system  to  which  we  belong,  the  onl)-  one  accessi- 
ble to  us,  and  from  tlience  we  shall  be  the  better 

_•  "Hit  Gewgian  planet,  iliicovrred  sSdcc  Mr.  Ferguson's  lime, r»* 
^^reund  tneSuiiin«norlHtS6r3miUi(xisof  miles  in  circunilnwJ 
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enahled  to  judge  ol  the  nature  and  end  of  the  odicr 
systems  ol  ihc  universe.  For,  although  there  is  an 
almost  infinite  variety  in  the  parts  of  the  creation, 
which  we  have  ojjportunities  of'  examining,  yet  there 
is  a  general  analogy  running  throut;h  and  connecting 
all  the  parts  into  one  scheme,  one  design,  one  whole- 
li.  And  then,  to  an  aticnuve  considerer,  it  will 
appear  highly  probable,  that  the  [ikuets  of  our  as- 
tern, tf^ihcr  ivith  ihcir  attendants  called  satellites 
or  mooub,  are  much  of  the  same  nature  with  owr 
l.arth,  and  destined  for  the  like  purposes.  They  J^  ""r,'"'^ 
are  all  solid  opaque  globes,  capable  of  supporting  «rc. 
animals  and  vegetalilts.  Some  of  them  are  larger, 
some  less,  and  some  nearly  of  the  same  size  of  our 
Kurih.  They  all  circulate  round  the  Sun,  as  the 
Earth  does,  in  shorter  or  longer  limes,  according  to 
their  rcbpcclive  distances  from  liim ;  and  have,  where 
it  would  not  be  inconvenient,  regular  returns  of  sum- 
mer and  winter,  spring  and  autumn.  They  have 
warmer  and  colder  climates,  as  the  \-arious  produc- 
tions ol  our  Earth  require  :  and  in  such  as  afford  a 
possibility  of  discovering  it,  we  observe  a  regular 
motion  round  their  axes  like  that  of  our  Eardi,  caus- 
ing an  alternate  return  of  day  and  night ;  which  is 
necessarj'  for  labour,  rest,  and  vegetation ;  and  that 
all  parts  of  their  surfaces  may  be  alternatelj'  exposed 
to  the  rays  of  the  Sun. 

V2.  Such  of  the  planets  as  are  farthest  from  ihe'r''e''«- 
Stm,  and  therefore  enjoy  least  «f  his  light,  have  that  ^i  "gj]^'" 
deficiency  made  up  by  several  moons,  which  con-'ia^emoit 
(sunlly  accompany,  and  revolve  about  them ;  as  om'  ^^'JJ'Xcn 
Moon   revolves  about  the   Earth.     The  remotest  Uieir 
.  planet*  has,  over  and  above,  a.  broad  ring  encom.'"s''"- 
passing  it ;  which,  like  a  lucid  zone  in  tiie  heavens, 
reflects  die  Sun's  light  very  copiously  on  that  planet: 
so  lliat  if  the  remoter  planets  have  the  Sun's  light 
Ciinter  by  daj  than  our  earth,  they  have  an  addition 
made  to  it  morning  and  evening  by  one  or  more  of 

f  SkWd  i*  now  known  to  have  two  of  ibese  lucid  zonei  or  ringa. 
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Our  Moon  their  moons,  and  a  greater  quantity  of  light  in  th»l 
r»Tke""  night-time. 

oic  E»nb.  13.  On  the  surface  of  the  Moon,  because  it  is 
nearer  to  us  than  any  other  of  the  celestial  bodies 
are,  we  discover  a  nearer  resemblance  of  our  Larth. 
l'"or,  by  the  assistance  of  telescopes,  we  observe  the 
Moon  to  be  full  of  hiffh  niounlains,  large  vallics, 
and  deep  cavities.  These  similarities  leave  us  no 
room  to  doubt,  that  all  the  pUuicls  and  moons  in  the 
system,  ;ire  designed  ;is  coninwxlious  hubilalions  for 
creatures  endowed  with  capacities  of  knowing  an4 
adoring  their  btneficent  Creator. 

14.  Since  the  lixed  stars  are  prodigious  sjjherca 
of  fire  like  our  Sun,*  and  at  inconceivable  distances 
from  one  another,  as  well  as  from  us,  it  is  reasona- 
ble to  conclude,  dicy  are  made  for  tlie  same  pur- 
poses  that  the  Sun  is ;  each  to  bestow  light,  litat,  and 
vegetation  on  a  certain  number  of  inhabited  planets  j 
kept  by  gravitation  within  Ihe  sphere  of  its  activity. 
Numbei'.  i5_  Wliat  an.  august,  uhan  an  amazing  concep- 
nnd  lion,  if  human  imagination  can  conceive  it,   does 

woiios.  this  give  of  the  works  of  the  Creator  !  Thousands 
of  tliousands  of  suns,  multiplied  without  end,  and 
ranged  all  around  us,  at  immense  distances  from  e 
other ;  attended  by  ttn  thousand  times  ttn  thousantj 
worlds,  all  in  rapid  motion,  yet  calm,  rigtilar, 
harmonious,  invariably  keeping  the  paths  prescribe) 
them;  and  these  worlds  peopled  with  myriads  of  in  J 
telligent  beings,  formfd  for  pndless  progression  in 
perfection  and  felicity  !  i 

IG.  If  so  mucli  pow'er,  wisdom,  goodness,  and 
magnificence  be  displayed  in  the  material  creallonJ 
which  is  the  least  considerable  jrart  of  the  univcrsejJ 
liow  great,  how  wise,  how  good,  must  HE  BE 
who  made  and  governs  the  wliole ! 

■  Though  the  Son  m:iy  not,  strictly  ^leaking,  be  a  gre&t  ^pliere  of 
ftre,yet  it  is  utidauhtedty  the  prindpal  MHirce  U'  liglit  and  beat  lo  the 
<Xher  bodies  in  tlic  system. 
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TH 
which  move  round  him  as  ihcir  centre,' 
constitute  the  solar  system.     Those  pliiiicls  which 
are  near  the  Sun  not  only  finish  llicir  circuits  sooner, 
but  likewise  move  faster  in  their  respective  orbits,  J*"^*;^^"'" 
than  those  which  nre  more  remote  from  him.    Their  ^* 
motions  are  all  pcrlbmierf  from  ^vest  to  east,  in  orbits 
nearly   circular.     Their  names,  distances,   magni- 
tudes, and  periodical  revolutions,  are  as  follows  : 

18.  The  Sun  Q  ,  an  immense  globe  of  fire,  isTheSun. 
placed  near  the  common  centre,  or  rather  iji  tjje 
lower*  locus  of  the  orbits  of  all  the  planets  and  co- 
metsf ;  and  turns  round  his  axis  in  25  days  6  hours, 
as  is  evident  by  the  motion  of  spots  seen  on  his  sur- 
face. His  diameter  is  computed  to  be  763,000 ''"f- *■ 
miles ;  and  by  the  various  attracrions  of  the  circum- 
volving  planets,  he  is  agitated  by  a  small  motion 

■  If  tlic  two  endi  of  a  tbrcEfl  be  tM  logcthrr,  ^nd  ihc  thread  be 
then  tbruwn  loosely  round  two  piru  stuck  in  a  lalile,  and  mwlerately 
itretched  1^  the  point  of  a  Uaclc-kaul  pencil  cnnieil  round  Uy  an 
even  motion,  ami  liKht  pmture  vl  the  hJind,  and  oval  or  elllpais  will 
be  described ;  anil  tncpoinla  where  tlie  pins  are  Kxed  are  called  Ibo 
foci  nr  focuses  of  th*  elfipsis.  The  orbits  nf  all  the  planet!!  are  ellip- 
tical, and  Qic  ^n  in  ptiLced  inomcurniierif  tht'y^*ofeachof  tliem: 
tod  iliat  in  which  he  u  placed,  i«  called  the  UaotrJ^aa. 

t  Aatronotners  are  not  far  from  tike  truth  when  they  reckon  the 
Son's  centre  to  be  in  tlw  lower  focu*  of  all  the  planctair  orhitH. 
llhough,  urictly  speuking.  if  we  cotiaidcr  the  fiicus  ot  Mercury's 
otUl  \a  be  in  the  hoii's  centre,  tlip  fijcus  of  Vcnus's  orhit  will  be  In 
the  oommcn  centre  of  gr.ivily  of  the  Son  and  Mercury;  the  focus 
rf  the  Earih'a  orbit  in  the  cwnmon  centre  of  gravity  of  the  Sun, 
Mcrcuiy,  and  Venus;  the  focus  of  the  orbit  of  Mars  in  the  Cnni- 
Ition  centre  of  gravitv  of  the  Sun,  Mercury,  Venui,  and  tlie  Earth ; 
and  M>  nf  th«  rest.  Yet  the  fiicuwk  uf  tlie  urluta  of  all  tite  plancta, 
except  Saturn,  will  not  be  Knsilily  nmwived  from  Ibe  coitrc  of  tlie 
Siut ;  nor  will  the  loois  of  Saturn's  oitjit  recede  sensibly  from  tlic 
commiai  centred  gravity  of  IticSun  and  iupiler. 
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Pi<af  I.  louiid  liie  centre  of  gravity  of  the  system.  All  the 
planets,  as  seen  irom  him,  move  the  same  «ay,  and 
according  to  the  order  of  tlie  signs  in  the  graduated 
circle  v  S  n  3s,  bfc.  which  represenfe  the  great 
ecliptic  in  the  heavens:  but,  as  seen  from  any  one 
planet,  the  rest  appear  sometimes  to  go  backward, 
sometimes  forward,  and  somttimes  to  stand  still. 
These  apparent  motions  are  not  in  circles  nor  in  el- 
I  lipses,  but*  in  looped  curves,  which  never  return 

into  themselves.     The-comets  come  li'om  all  parta 
of  the  heavens,  and  move  in  all  directions. 

19.   Having  mentioned  the  Sun's  turning  round 

his  axis,  and  as  there  will  be  frequent  occasion  to 

speak  of  the  like  motion  of  the  Karth  and  other 

planets,  it  is  proper  here  to  inform  the  young  'fi/ro 

in  astronomy,  that  neither  the  Sun  nor  planets  have 

material  axes  to  turn  upon,  and  support  them,  as 

Tht  tats  in  the  little  imperfect  machines  contrived  to  repre- 

Ic^  ^  *'  sent  them.     For  the  axis  of  a  planet  is  an  imginary 

whet.       line,    conceived  to  be  drawn   through    its  centre, 

about  which  it  revolves  as  if  on  a  real  axis.     Tlie 

extremities  of  this  axis,  terminating  in  opposite 

points  of  llic  planet's  surface,  arc  called  its  po/es. 

That  which  points  toward  the  northern  part  of  the 

heavens,  is  called  tlie  north  pok ;  and  the  other, 

pointing  toivarcl  ^-k southern  part,  is  called  the  soxitk 

pole.  A  bowl  whirled  from  one's  hand  into  the  open 

air,  turns  roimd  such  a  line  within  itself,  while  it 

moves  forward ;  and  such  arc  the  lines  we  mean, 

when  we  sjieak  of  the  axes  of  the  lieuvenly  bodies. 

Their  or-      20.  Let  US  supposc  the  Karth's  orbit  to  be  a  thin, 

luifinihe  even,  solid  plane ;  cutting  the  Sun  tlirough  the  cen- 

«»n>e        tre,  and  extended  out  as  far  as  the  starry  heavens, 

^""'j,"'"  wliere  it  will  mark  the  great  circle  called  the  ecliptic. 

tic.  This   circle   we   suppose  to  be  divided    into    12 

ctjual  parts,  called  signs ;  each  sign  into  30  equal 

parts,  called  degrees ,-  eacli  degree  into   60  equal 

parts,   called   minutes ;   and  each  minute  into  60 

•  As  represented  in  Plate  HI.  Fig.  1.  and  described  i  138. 
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into  (30  equal  parts,  called  seconds :  so  that  a  second  Plate  i. 
is  the  6Uth  part  ol'  u  minute ;  a  minute  the  6Utli 
pari  of  a  degree ;  and  a  degree  the  360lh  jart  oI" 
a  circle,  or  :iOth  part  d"  a  itign.     The  pUin-s  of 
the  orbits  of  all  the  other  planets  likewise  cut  llie 
Sun  ill  halves ;  but.  extended  to  the  heavens,  form 
circles  diflercnt  from  one  anodier,    and  from  the 
ecliptic ;  one  half  of  each  being  on  the  north  side, 
and  llie  other  on  the  south  side  of  it.     Conbcquent-  Their 
ly  Uie  orbit  of  each  planet  crosses  the  ecli|»uc  in  nvo""*^"' 
opposjie  points,  uliich  are  called  the  planeli'  nodet. 
These  nodes  are  all  in  diflerent  pans  of  the  ecliptic; 
and  tliereibre,  if  the  planetary  tracks  remwiied  vi- 
sible  in  the  heavens,  they  would  in  some  measure 
resemble  tlic  different  ruts  of  waggon  wheels,  cross- 
ing one  another  in  different  parts,  but  never  going 
far  asunder.     That  node,  or  intersection  of  llie  or- 
bit  of  any  planet  \vith  the  Karth's  orbit,  from  which 
the  planet  ascends  northward  above  the  ecliptic,  is 
called  the  ascenditi^  node  of  the  planet :  and  the  other, 
which  is  directly  opposite  thereto,  is  called  its  de- 
scettding  node.     Saturn's  ascending  node*  is  in  21  where  si 
deg.  32  mill,  of  Cancer  es  ;  Jupiter's  in  8  deg.'49  '■'*'"'■ 
min.  of  die  s>imc  sign;  Mars's  in  18  deg.  22  min. 
of  Taurus  U  ;  Venus's  in  14  deg,  44  min.  of  Ge- 
mini □  ;  and  Mercury's  in  16deg.  2  mill,  of  Taurus. 
Here  we  consider  the  Earth's  orbit  as  the  stand- 
ard, and  the  orbits  of  all  the  other  planets  as  ob- 
lique to  it.  

2-1.  When  we  speak  of  tlic  planets'  orbits,  all  that  ^^^  ^\„ 
is  meant  is,  their  paths  through  the  open  and  unre-et " 
aisiing  space  in  which  they  move,  and  are  retained" 
by  the  attractive  power  of  tlw.*  Sun,  and  the  jkx)- 
jcctilc  force  impressed  upon  Uiem  at  firsL     Between 
this  power  and  force  there  is  so  exact  anatljiislraenl, 
that  ihev  continue  in  the  same  tracks  vittwut  ai^ 
solid  orbits  to  confine  them. 

"  In  the  jear  ir90. 
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Platti.  22.  Mekcdhy,  the  nearest  planet  to  the  Si  , 
Mercury  ^^^  ^^^^^  Ynm,  in  thc  circle  mnrktd  8,  in  87  days, 
Fiff.  1-  23  hours  of  our  time,  nearly ;  which  ib  the  length  of 
his  year.  But  being  seldom  seen,  and  no  spots 
appearing  on  his  surlijce  or  disc,  the  time  of"  his  ro- 
tation on  his  axis,  or  the  length  of  his  dajs  and 
nights  is  as  yet  unknonn.  His  distance  from  thc 
Sun  is  computed  to  ht  32  millions  of  miles,  and  his 
diameter  2600.  In  his  course  round  the  Sun,  he 
moves  at  tlie  rate  of  95  thousand  mik»  every  liour. 
His  light  and  heat  from  the  Sun  art-  almost  sexen 
times  as  great  as  ours ;  and  the  Sun  appears  to  him 
Mavbein-almost  seven  times  as  large  as  to  us.  Thc  great 
'"  heat  on  this  planet  is  no  argument  against  its  heingj 
inhabited ;  since  the  Almiglity  could  as  easily  sum 
the  bodies  and  constitutions  of  its  inhabitants  to  tha 
heat  of  their  dwelling,  as  he  has  done  ours  to  thol 
temperature  of  our  Earth.  And  it  is  very  probable 
that  the  people  there  have  just  strch  an  opinion  of  us, 
as  we  have  of  the  inhabitants  of  Jupiter  and  Saturn  t 
namely,  that  we  must  be  intolerably  cold,  and  have 
very  little  light,  at  so  great  a  distance  from  the  Sun. 
Hufike  23.  Xliis  planet  appears  to  us  with  all  the  van- 
wiih'^Sie  o"s  phases  of  the  Moon,  when  viewed  at  difierent 
Moon,  times  by  a  good  telescope  :  save  only,  that  lie  nev^ 
appears  quite  full,  because  his  enlightened  side  is 
never  turned  directly  toward  us,  but  when  he  is  so 
near  the  Sun  as  to  be  lost  to  our  sight  in  its  beams. 
And,  as  his  enlightened  side  is  always  toward  the 
Sun,  it  is  plain  that  he  shines  not  by  any  light  of 
his  own ;  for  if  he  did,  he  would  constantly  appear 
round.  That  he  moves  about  the  Sun  in  an  orbit 
within  the  Earth's  orbit,  is  also  plain  {as  will  be 
more  largely  shewn  by  and  by,  ^  141,  ts'  scq.J  be- 
cause be  is  never  seen  opposite  to  the  Sun,  nor"  in- 
deed above  56  times  the  Sun's  breadth  from 
centre. 
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24.    His  orbit  is  inclined  seven  degrees  to  llie/Vaw/. 
ecliptic.      77i«/ node,  4  20,  Irom  uliich  he  ascends"'?'''^' 
northward  iibove  the  ecliptic,  is  in  the   16thdc-gree      ''^' 
of  Timnjs  ;  und  the  opposite  node,  in  the  16th  de- 
gree  of  Scorpio.     The  tlarih  is  in  these  points  on 
Uie   7th  of  S^'ovember  and  5th  of  May;  and  when 
Mercury  comes  to  either  of  his  nodes  at  his*  infe- 
rior conjunction  about  these  tintcs,  he  will  appear  to 
pass  over  the  disc  or  face  of  ihc  Sun,  like  a  dark 
round  spot.     But  in  all  other  parts  of  his  orl^it  his 
conjunctions  are  invisible  i  because  he  eiihcr  passes 
above  or  below  the  Sun. 

25.  Mr.  VVhiston   has  given  us  an  account  of  when 
«e\'cral  periods  at  which  Mercury  might  be  seen  on  '^'^^  V  ■* 
the  Sun's  disc,  viz.   In  the  year  17^.2,  A'tw.  12tli,s^" 

at  J  h.  44  m.  in  the  aiternoon  j  178(1,  May  4lh,  at 
6  h.  57  m.  in  the  forenoon ;  1 789,  Aoi>.  5lh,  at  3 
h.  55  in.  in  the  afternoon ;  and  171*9,  May  7th,  at 
2  h.  34  m.  ill  the  afternoon.  There  were  several 
i  titcrmediate  transits,  but  none  of  them  visible  at 
Xemctort. 

26.  Venu-s,  the  next  planet  in  order,  is  com-Vewis. 
put' d  to  be  59  millions  of  milt-s  from  the  Sun; 

atid  by  movitie  at  the  rate  of  69  thousand  miles 
every  hour,  iji  tier  orbit  in  the  circle  marked  ? ,  she  Tir.  i. 
vocs  routid  the  Sun  in  224  days,  17  hours  of  our 
timr,  nearly ;  in  wliich,  though  il  be  tlie  full 
length  of  her  year,  she  has  only  9^  days,  accord- 
ing to  U I A  N  c  » I N I 's  obscrvationsf ;  so  that,  to  her, 

■  WVn  be  isbetween  the  Earth  and  the  Sun  in  the  nearcit  pajt 
oC  hii  "Tbii. 

t  Thi-  Ciller  CnMiiii  liad  cniicluited  from  obfifn-atiims  mode  hy 
'  hhittclC  in  1667,  iltit  Vciiiu  rvvnivfd  m  her  ub  (n  »  liitle  more 
than  ^^l  h. bccauK  in  24  h.  hcfiuod  that  a  spot  un  her  tuifdu:  was 
iJKiut  lj»  more  a'lvn.iCcd  ihaii  il  »as  at  the  ilay  belore ;  and  K  ap- 
pcured  ta  hini  thut  thi-  t\xn  was  vety  wnsiUj  advancrd  in  a  qiiar- 
Kr  of  an  hour.  I'l  ir^H,  Kiiiiichlnl  pulilislied  a  iplendid  work,  in 
(f>ti:.  at  ftntnc,  ciititlFd  Henprri  it  Fhotfihon  nova  {ihenomenai 
Id  whici)  an  the  ebacrvatioin  bcrc  Tcferml  to.    Bianchini  agrees 
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Piatt  I.     everj-  day  and  night  together  is  as  long  as  244  ^^y^\ 

and  nights  with  us.     This  odd  quarter  of  a  tiay  ia: 

every  year  makes  every  fourth  a  leap-year  to  Venus 

as  the  like  does  to  our  Earth.     Hfr  diameter  is  7906.^ 

miles;  and  by  her  diunial  motion  the  inhabitantSr^ 

about  her  equator  are  carried  43  milts  every  hour, 

beside  the  69,000  above- mentioned. 

HernrbU      27.  Her  orbii  includes  that  ol"  Mercury  within 

twcenihe'tt  fi^f  ''t  ^^'^  greatest  elongation,  or  apparenl  dis- 

Earih  uid  lancc  from  the  Sun,  she  is  yd  times  the  breadth  of 

Mercury.  ^^^^  juminarj-  from    his  centre;  which   is  almost 

double  of  Mercury's  greatest  elongation.     Her  or* 

bit  is  included  by  the  Earth's;  for  if  it  Mere  no1_ 

she  might  be  seen  as  often  in  opposition  to  tiie  Siin^i 

as  she  is  in  conjunction  with  him;  but  she  hasne. _ 

ver  been  seen  90  degrees,  or  a  fourth  part  of  a  circle 

from  the  Sun. 

She  is  our     28.  When  Venus  appears  west  of  the  Sim,  she 

•mUv^   rises  before  him  in  the  morning,  and  is  called   the 

ingaur  by  mormng  star :  when  she  appears  east  of  the  Sun, 

turns.       gj)g  shines  in  the  evcTiing  after  he  sets,  and  is  tl 

called  the  evening  star:   being  each  in   its    lui 

for  290   days.     It   may    perhaps  be  surprising 

first  view,  that  Venus  should  ketp  longer  on  the  t 

or  west  of  the  Sun,  than  the  whole  time  of  her  _ 

riod  round  him.'     But  the  difficulty  vanishes  whi 

we  consider  that  Uie   Earth  Is  all  the  while  gniiii 

round  the  Sun  the  same  ivay,  though  not  so  quii 

as  Venus  :  and  therefore  her  relative  motion  to  tl 

perfcctf)'  whh  Cnssini  ihat  the  spots,  whicli  are  necn  a.  .     _  . 
if  Ver.iis,  srivance  abtnit  IS"  in  24  h.  but  lie  asMrrts  thnt  he  c 
not  perceive  tliey  had  marie  any  advance  in  3  h.  I'ori  lher«**e  c_ 
eludes  that  msti-Dtl  nf  making  mie  complete  revolutkin  and  15'  nf  ai^ 
other,  as  Cassiul  c^mjecior*^,  in  24  h.  uinK- spots  ailv.'nce  but  the  odd 
IS"  in  OiAt  lime,  aixl  that  the  time  nf  :.  re\ol<i<Kin  is  somewhat  mnre 
than  M  dav«.    'Hit  arguments  w  i.ivour  rf  the  (wo  hvpolh<:ses  ai 
very  cquni;  but  aliroK  every  aalrcnomer,  except  Mr.  FergnM 
has  adopted  Caxnni's. 
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Earth  must  in  every  period  be  as  much  slower  than 
hfr  absohite  motion  in  her  orbit,  as  the  harth  (lu- 
ring that  time  advances  t'orward  in  the  ecliptic ; 
which  is  2i.Q  di-grees.  To  us  she  appears,  through 
a  telescope,  in  wU  the  various  shapes  of  the  moon. 

29.  I'he  axis  of"  Venus  is  inclined  75  degrees  to 
the  axis  ol  hci  orbit;  which  is  5U  degrees  more 
than  our  bartli's  axis  is  inclined  to  ihc  axis  of  the 
ecliptic  :  and  ilierclbre  her  seasons  varj^  much  more 
Uku)  ours  do.  Tlie  north  pciJc  of  her  axis  inclines 
toward  ih-^'  20lh  degree  of  /\quarius ;  our  Eartli's 
to  the  btgijining  of  Cancer ;  consequently  the 
nOTthem  pans  of  Venus  have  summer  in  tlie  signs 
where  those  ol  our  Karth  have  winter,  and  vice 
versa. 

30.  The*  artifii:ial  day  at  each  pole  of  Venus  is 
as  long  as  1 1  :ti  t  natural  days  on  our  Earth. 

31.  The  Sun's  greatest  declination  on  each  side 
of  her  equuior  amounts  to  75  degrees ;  therefore 
hcr|  tropics  are  only  15  decrees  from  her  poles; 
aivi  hcr||  polar  circles  arc  as  far  ih>m  her  equator.^ 
Consequciidy  tlie  tropics  of  Venus  arc  between  her 
pfilar  circles  and  hcrpolei;  contrary  to  what  those 
of  our  Earth  arc. 

3^.  As  her  annual  revolution  contains  only  9| 
of  her  days,  the  Sun  will  always  apiiear  to  go 
Uirough  a  whole  sign,  or  twelfth  part  of  her 
orbit,   in  a  little  more  than  direc  quarters  of  her 


Retnu4[- ' 

pics  and  ' 
eles  how  I 


'  The  time  between  ihe  Sun'a  rnini;  and  setting;. 
I  One  mitre  rvvi>lQiioD,  or  34  hniira. 

art  k-s-«r  arclM  [larjllcl  to  ihe  njuattir,  and  as  many 


desrwa  from  is  tnwknl  the  poEcn,  ns  The  axi«  of  ihr  planet  is  bclroe^ 
W  Uic  »xia  of  lis  orbit.    Wbm  the  Hun  is  advanced  n.  far  north  or 
sooth  ol  the  rqualcr,  Ba  to  be  dirrctly  over  eltlier  trupic,  he  goes  no    ' 
fanher ;  but  rrtontM  iow«nt  the  other.  I 

II  IIkk  are  lesser  tirclrs  nwnd  Uicpnie£,  and  as  Eir  from  them   ' 
as  'he  tmpirs  arc  from  ih<-  equalur.    Tiju  poles  are  the  very  nortli 
wicl  lunh  pdnts  oi'  the  planet. 


ys    ani^H 
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naUirai  day,    or  nearly   in  IS*  of  our  da)' 
nights. 

33.  Because  her  day  is  so  preat  a  part  of  her  year, 
the  Sun  changes  his  declination  in  one  day  so  much, 
that  if  he  passes  verticiill)',  or  directly  over  head  of 
any  given  place  on  ihe  tropic,  the  next  da}-  lie  Mill 
be  26  degrees  from  it ;  and  \\liatevtr  place  he  passes 
vertically  over  when  in  tlie  liquator,  one  day's  r 
volution  will  remove  him  36)  degrees  Ironi  it. 
that  the  Sun  changes  his  declina'.ion  cvtrj  day 
Venus  about  14  degrees  more,  at  a  mean  rutt,  thai 
he  docs  in  a  quarter  of  a  \  ear  on  our  Karth.  Tbifl 
appears  to  Ik:  providentially  ordered,  for  prticntbi 
the  too  great  effects  of  the  Sun's  heat,  (wliich 
twice  as  great  on  Venus  as  on  the  Earth,)  so  thai 
he  cannot  shine  perpendicularly  on  the  same  placd 
for  two  days  together;  and  on  that  account,  "' 
heated  pliices  have  time  to  cool. 

34.  if  the  inhabitants  about  the  north  pole 
Venus  fix  iheir  south,  or  meridian  line,  through  ihaBL 
jjart  of  the  heavens  where  the  Sun  comes  to  lid 
greatest  height,  or  north  declination,  and  call  tho! 
the  east  and  west  points  of  their  horizon,  which  ;, 
DO  degrees  on  each  side  from  that  point  whtit  ih^ 
horizon  is  cut  by  the  meridi;in  line,  these  inhabitan 
W\\\  have  tlie  following  remarkable  appearances — 

I'hc  Sun    will  rise  22\  degrees  north  of   t 
cast,  and  going  on   IK-J  dt-grces,  as  measured  ■ 
ilie  plane  of  the*  horizim.  lie  will  cross  the  mW 
ridian  at  an  altitude  of  1:^  degrees;  ilieu  makii 
an  entire  resolution  without  setting,  he  w ill  en 
it  again  at  an   altitude  of  A,i:\  degrees.     At 
next  revolution  he  will  cross  the  meridian  as 
comes  lo  his  greatest  height  and  declination,  at  thi 


•  Tlie  limit  of  any  inliahitanl's 
much  tlie  pkntl  all  tcnuA  hini. 


nhere  the  sky  seems  I 
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altitude  of  75  degrees  ;  being  then  only  1 5  degrees 
from  the  zenith,  or  that  point  of  the  heavens  uhich 
is  directly  over  head :  and  thence  he  will  descend  in 
the  like  spiral  manner,  crossing  die  meridian  first  at 
tlic  ntlitude  of  4t;j  degrees,  next  at  the  altitude  of 
12^  degrees  ;  and  going  on  thence  1  li:>  degrees,  he 
will  bei  -l..\  dcjijrees  nonh  of  the  west.  So  that,  af- 
ter havnij^  made  ■!{  revolutions  above  the  horizon, 
he  descends  below  it  lo  exhibit  the  like  appearances 
at  the  soutli  [lole. 

35.  At  each  pole,  the  Sun  continues  half  a  year  S'"pr'»- 
vrithout  setting  in  summer,  iind  as  long  uithout IJ|.^1JJ,'ccj 
rising  in  winter ;  consequcndy  the  polar  inhabitants  »t  I'ei^ 
of  Venus  have  only  one  clay  and  one  night  in  the'"'^*' 
year ;  as  it  is  at  the  poles  of  our  earth.  But  [he 
difference  between  the  heat  of  summer  and  cold  of 
winter,  or  of  mid-day  and  mid-night,  on  Venus, 
is  niu(-h  greater  than  on  the  E:irth  :  because  on  Ve- 
nus, as  the  Sun  is  for  half  a  year  together  above  the 
horizon  of  each  pole  in  iis  turn,  so  he  is  for  a  con- 
siderable part  of  diat  time  near  the  zenith  ;  and  du- 
ring  the  other  hall'  of  the  year  always  below  the  ho- 
rizon>  and  for  a  great  p;iri  of  thai  time  at  least  70 
degrees  from  it.  Wiicrcas,  at  the  poles  of  our 
Karlh,  although  the  Sun  is  for  half  a  jear  together 
above  the  horizon ;  yet  he  never  ascends  above,  nor 
descends  below  it,  more  tlian  2Jj  de^rrees.  When 
ihc  Sun  is  in  the  etjuinuctial,  he  is  seen  uith  one  half 
of  his  disc  above  the  horizon  of  the  north  pole,  and 
the  other  half  above  the  horizon  of  the  south  pole ; 
so  that  his  centre  is  in  die  horizon  of  botli  poles: 
and  then  descending  below  the  horizon  of  one,  he 
ascends  gntdually  above  that  of  the  other.  Hence, 
in  a  year,  each  pole  has  one  spring,  one  autumn,  a 
sumtner  as  long  us  them  botli,  and  a  ^^'inte^  equal  in 
lengtfi  to  the  other  three  seasons. 

36.  At  the  polar  circles  ef  Venus,  the  seasons  Attwrpo- J 
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are  much  the  same  as  at  the  equator,  because  iherc 
are  only  15  degrees  between  ihtm,  5  31;  only  tho 
winters  are  not  quite  so  long,  nor  Uie  summers  so 
short :  but  the  four  seasons  come  twice  round  every 
year. 

27.  At  Vcims's  tropics,  the  Sun  continues  fot 
about  filicen  of  our  weeks  together  without  settiii^^ 
in  summer ;  arid  as  long  without  rising  in  winter^' 
Wlijle  he  is  more  than  15  degree  from  the  etjuator^ 
he  neither  rises  to  the  inliabii.iiUs  of  the  one  tropic, 
nor  sets  to  those  of  the  other  ;  whereas,  at  our  ter.; 
restrial  tropics,  he  rises  and  sets  e\ery  day  of  t 
year. 

38.  At  Venus's  tropics,  the  seasons  art  mud 
tlie  same  as  at  her  poles,  only  the  summers  are  i 
little  longer,  and  the  \\inters  a  little  shorter. 

39.  .\i  her  equator,  the  days  and  nights  are  al* 
ways  of  the  same  length;  and  yet  the  diurnal  aiid" 
nocturnal  arches  ure  very  diflerent,  especially  when 
the  Sun's  declination  is  about  the  greatest :  for  ibei^ 
his  meridian  altitude  may  sometimes  be  livice  ai 
great  as  his  midnight  depression,  and  at  other  limeL 
the  reverse.  When  the  Sun  is  at  his  greatest  de^ 
clination,  cither  north  or  south,  his  rays  are  as  ob 
lique  at  Venus's  ejiuator,  as  they  arc  at  London  oi 
the  shortest  day  oi'  winter.  I'licrclore,  at  her  equti' 
torthercare  two  winters,  two  summers,  two  springs, 
and  two  autumns  every  year.  But  because  the  Sun 
stays  for  some  time  near  the  tropics,  and  passes  sa 
quickly  over  tlie  equator,  every  winter  there  will  ba 
^most  twice  as  long  as  summer :  the  four  seasons 
returning  twice  in  that  time,  which  consist  only  q| 
9i  days. 

40.  Those  parts  of  Venus  which  lie  betweei 
the  poles  and  tropics,  between  the  tropics  and  polag 
circles,  and  also  between  the  polar  circles  and  equw 
tor,  jjartake  more  or  less  of  the  phenomena  of  those 
circles,  as  they  are  more  or  less  distant  from  tliem 
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41 .  From  tlie  quick  change  of  llie  Sun's  declliia-  Grent  dir- 
tion  it  happens,  that  if  he  rises  due  east  on  anv  day,  .k""^  ^ 

1  ■■!  .  II  •  t       ^    "'^  Sun's 

lie  will  not  set  due  west  on  that  day,  as  wiih  us.  smpiitude 
For  if  the  place  where  he  rises  due  east  be  on  the"  """^ 
equator,  lie  will  set  ou  that  day  almost  west-north- lin^. 
west,  or  about  18>  degrees  north  of  tlie  west.    But 
if  the  place  be  in  45  degrees  north  latitude,  tlien 
on  the  day  tlial  the  Sun  rises  due  east  he  will  set 
north- west- by- west,  or  33  degrees  north  of  the  west. 
And  in  62  degrees  north  latitude,  when  he  rises  in 
the  east,  he  sets  not  in  that  revolution,  but  just 
touches  the  horizon  10  degrees  to  tlie  west  of  the 
north  point;  and  ascends  again,  continuhig  for  3' 
revolutions    above  the    horizon    without    selling. 
Tiicrcfore  no  place  has  the  forenoon  and  aftenioon 
of  the  same  day  equally  long,  unless  it  be  on  the 
equator,  or  at  tlw  poles. 

42.  The  Sun's  altitude  at  noon,   or  any  other Thp longi- 
tirae  of  the  day,  and  his  amplitude  at  rising  and  '"''^ "'' 
setting,  being  very  different  at  places  on  the  samt  sir/r'und 
parallel  of  latitude,  according  to  the  diiFerent  longi- '"  Venua. 
tudcs  of  those  plaoes,  the  longitude  will  be  almost 

as  easily  found  on  Venus,  as  the  latitude  is  found 
on  tlie  Karth.  This  is  an  advantage  ive  can  never 
have,  because  the  daily  change  of  the  Sun's  decli- 
nation, is  by  much  too  small  for  that  important 
purpose. 

43.  On  this  planet,  where  the  Sun  crosses  theHerequi- 
equator  in  any  year,  he  will  have  9  degrees  of  de-  """^'J^ 
clination  from  that  place  on  the  same  day  and  hour  of  »  tUy 
next  year,  and  w  ill  cross  the  equator  90  degrees  far-  ^•"'warci 
thcr  lo  the  west ;  which  makes  the  time  of  tlic  equi-  ye«r. 
uox  a  quarter  of  a  day  (or  about  six  of  our  days) 

later  every  jear.  Hence,  although  the  spiral  in 
which  the  Sun's  motion  is  performed  be  of  the  same 
3ort  every  year,  yet  it  will  not  be  the  very  same ; 
because  the  Sun  will  not  pass  vertically  over  the 
same  places  till  four  annual  revolutions  arc  finished. 
G 
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&»ery  44.  We  may  suppose  that  the  inhabifciits  of  Vc-r 

MM^aleip  ^^^  ^'"  ^  carel'ul  ta  add  a  day  to  some  particular" 
year  to      part  of  every  fourth  year  ;  which  will  keep  the  same' 
to  Venus,  geasons  to  the  same  days.     For,  as  the  great  annual' 
change  of  the  equinoxes  and  solstices  shifts  the  sea- 
sons a  quarter  of  a  day  every  year,  they  would  be 
sliifted  through  all  the  days  ol  the  year  in  36  years. 
But  by  means  of  this  intercalarj'  day,  every  fourthf 
year  wiU  be  a  leap-year  ,  whiclvwill  bring  her  time  to^ 
an  evenreekoning,  and  keep  her  calendar  always  right- 
when  she      45.  Vefius's  orbit   is  inclined  3  degrees  24  mi- 
pl'iiF^n     nutcs  to  the  Earth's;  and  crosses  it  in  the  15th  de- 
Uie  Sun.    grecs  of  Gemini  and  of  Sagiuurius ;  and  therefore, 
when  the  Eanh  is  about  these  points  of  the  eclipti^ 
at  the  lime  that  Venus  is  in  her  inferior  conjunction, 
she  will  appear  like  a  spot  on  the  Sun,  and  afford  a 
more  certain  method  of  finding  the  distances  of  alj 
the  planets  from  the  Sun,  than  any  other  yet  known^ 
But  these  ap|ieaninces  happening  verj'  seldom,  ivif 
be  only  twice  visible  at  Lomlon  for  one  hundred  :ttBJ 
ten  years  to  come.     The  first  time  will  be  in  176l| 
./«7ie  the  6lh,  in  the  morning;  and  the  second  in  1769J 
on  the  3d  of  June,  in  the  evening.     Excepting  such 
transits  as  diese,  she  exhibits  the  same  ajjoearancei 
to  us  regularly  every  eight  years;  her  conjunctions! 
eloiigations,  and  times  of  rising  and  setting,  being 
very  nearly  the  same,  on  the  same  days  as  before,. 
She  may       46.  Vcnus  may  have  a  satellite  or  moon,  al- 
in"on!»i-  though  it  be  undiscovered  by  us.     Tliis  will  not 
though     appear  very  surprising,  if  wc  consider  how  incon» 
wc  cannot  venicntly  we  are  placed  for  seeing  it.     For  its  eiv 
lightened  side  can  never    be  fully   turned  toward 
us,  except  when  Venus  is  beyond  the  Sun ;  aii^ 
then,  as  Venus  appears  but  little  larger  than  an  on. 
dlnary  star,  her  moon  may  be  too  small  to  be  per-, 
ceived  at  such  a  distance.    When  she  is  betiveen  oft 
and  the  Sun,  her  full  moon  has  its  dark  side  toward 
us ;  and  then  we  cannot  see  it  any  more  than  we 
can  our  own  moon  at  the  lime  of  change.     When 
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Venus  is  at  licr  greatest  elongation,  we  have  hulfi^'f- 
one  half  of  tlie  enliglitened  side  of  her  iull  moon 
toward  us ;  and  even  Uitii  it  may  be  too  far  dislaol 
to  be  seen  by  iis.'  But  if  she  have  a  moon,  il  may 
certainly  be  sucn  with  her  upon  the  Sun,  in  the  year 
1761;  unless  Us  oibil  be  considerably  inclined  to 
the  eclii)lic :  lor  if  il  should  lie  in  conjunction  or  op- 
poMtion  at  that  lime,  ^ve  can  hardly  imagine  tliat  it 
moves  so  slow  as  to  be  hid  by  Venus  all  the  sis 
bours  that  slie  will  appear  on  the  Sun's  disc^. 

47.  The  Earth  is  the  next  planet  above  Venus TiicEartii 
in  the  system.     It  is  82  millions  of  miles  fitun  the  Fig,  i. 
Sun,  and  goes  round  him,  in  the  circle  Q,  in  365 

days  5  hours  49  minutes,  from  any  equinox  or  sol- 
stice to  the  same  again ;  but  from  any  fixed  star  to 
tJte  same  again,  as  seen  from  the  Sun,  in  365  days 
'j  hours  and  9  minutes-:  the  former  being  the  length  lu  diu™i 
of  Uic  iropicid  year,  and  the  latter  the  length  of  the""^,'"""™ 
sidereoL  it  travels  at  the  rate  of  58  thousand  miles 
every  hour;  which  motion,  though  120  limes  swift- 
er than  tliat  of  a  cannon-ball,  is  Utile  more  than  half 
as  swift  as  Mercury's  molion  in  his  orbit.  The 
Earth's  diameter  is  7970  miles;  and  by  turning 
round  its  axts  every  24  hours,  from  west  to  cast,  it 
causffi  an  apparent  diurnal  motion  of  all  the  heaven- 
ly bodies,  from  cast  to  west.  By  this  rapid  motioa 
of  the  Earth  on  its  axiit,  the  inhabitants  about  the 
equator  are  carried  1042  miles  every  hour,  tvhile 
those  on  the  parallel  of  London  are  carried  only 
about  580;  bcwdc's  the  58  thou5.ind  miles,  by  the 
annual  motion  above- tncntioned,  which  is  commou 
to  all  places  whatever.  \ 

48.  'llie  Earth's  axis  makes  an  angle  of  33^  de*  inciliubbn 
}rrccs  with  the  axis  of  its  orbil ;  and  keeps  always *'*^'"  **'^ 

:  oblique  direction ;    inclining  toward  tne 
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same  fixed  star*    throughout    its  annual   coui 
ivhich  causes  the  returns  of  spring,  summer,  A\ 
IWmn,  and  winter;  as  will  be  explained  iit  large 
the  tenth  chanter. 
A  proofor     4'j.  The  E:!rth  is  round  like  a  globe ;  as  appears, 
round."^    1.  By  its  shadow  in  eclipses  of  the  Moon;  which 
shadow  is  always  bounded  b}'  a  circular  line ;  J  3 14. 
2.  By  our  seeing  the  masts  of  a  ship  while  the  hi 
is  hid  by  the  convexity  of  the  water.     3.  By  its  hai 
ing  been  sailed  round  by   many  navigators.     1" 
hills  take  off  no  more  from  die  roundness  of 
Earth  in  comparison,  than  grains  of  dust  do  Irol 
the  roundness  of  a  common  globe. 
rt«  iium.        50.  The  seas  and  unkiiowTi  parts  of  the  Earth  (by 
'■^'■"'^      a  measurement  of  ihe  best  maps)  contain  160  mil. 
milcfc       lions  522  thousand  and  26  square  miles ;  the  inhab- 
ited parts  38  millions  990  thousand  569:  Europe  4 
millions  456  thousand  and  65 ;  jisia  10  millions  768 
thousand  823;  Africa  9  millions  654  thousand  807.- 
.imerica  14  millions  110  thousand  874.    In  all,  1 
mUlions  512  thousand  595;  which  is  the  number 
square  miles  on  the  whole  surface  of  our  globe, 
The  pro-       51.  Dr.  Long,  in  the  first  volume  of  his  Asti 
portion  of  iiQmy^  p.  168,  mentions  an  ingenious  and  easy 
ita.         thod  of  finding  nearly  whiit  proportion  the  lai 
bears  to  the  sea ;  which  is,  to  take  the  papers  of' 
large  terrestrial  globe,  and  after  separating  the  ' 
from  the  aea,  with  a  pair  of  scissars,  to  weigli 
carefully  in  scales,     'i'his  supposes  the  globe  to 
exactly  delineated,  and  the  papers  all  of  equal  «hii 
ness.     The  doctor  made  the  experiment  on  the 
pers  of  Mr.  Sen  ex's  seventeen  inch  globe;  ai 
found  that  the  sea-papers  weighed  349  grains,  ai 
the  land  only  124 :   by  M'hicli  it  ajipears  that  almi 

*  This  is  not  Btricflj'  true,  as  wiD  ap^ar  whtrn  we  cnine  to  treat 
of  the  recession  of  thcequinoctial  pdntsinlheheaTeiis,  $  246;  which 
reces^on  is  equal  to  Ihe  dcviatioD  of  the  Eartli's  axis  from  its  pa- 
nUlelismi  but  ihb  b  rather  ton  small  tn  be  sensible  in  an  age,  ex- 
cept to  those  who  make  vct]'  nice  obgervacions, 
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three  fourth  parts  of  the  surface  our  Earth  bt-tHcen 
the  polar  circles  are  covered  «itli  water,  and  that  lit- 
tle more  tlian  one  fourth  is  dry  land.  The  doctor 
omitted  weighing  all  within  the  polar  circles ;  be- 
cause there  is  no  certain  measurement  of  the  land 
ivithin  them,  so  as  to  know  what  proportion  it  bears 
to  tlie  sea. 


52.  The  Moon  is  not  a  planet,  but  only  a  satel-  ■[■''= 
lite  or  attendant  of  the  Karth ;  going  round  the  Karlli 
from  cliangc  to  change  in  ::^9  days  12  hours  and  44 
minutes ;  and  round  the  Sun  with  it  every  )ear.  The 
Moon's  dittmetcr  is  :£180  miles;  and  her  distunce 
from  the  Earth's  centre  240  thousand.  She  goes 
round  her  orbit  in  27  days  7  hours  43  minutes, 
moving  about  2290  miles  every  hour;  and  turns 
rovmd  her  axis  exacUy  in  the  time  thai  she  goes  round 
the  Earth,  which  is  the  reason  oi"  her  keeping  always 
the  same  side  toward  us,  and  chat  her  day  and  night, 
taken  together,  is  as  long  as  our  lunar  month. 

53.  'I  he  Moon  is  an  opaque  glolje,  like  the  Eartli,  Her 
and  shines  onlj-  by  reflecting  the  light  of  the  Sun  :  1'''"= 
therefore,  while  that  lialf  of  her  \vhich  is  toward  the 
Sun  is  enlightened,  the  other  half  must  be  dark  and 
invisible.  Hence,  she  disappears  when  she  comes 
between  us  and  the  Sun  ;  because  her  dark  side  is 
then  toward  us.  ^\'hen  she  is  gone  a  little  ^v■ay 
forward,  we  see  a  little  of  her  cnliglitencd  side ; 
\vliich  still  increases  to  our  view,  as  she  advances 
forward,  until  she  comes  to  be  opposite  to  the  Sun  ; 
and  then  licr  whole  eulighlcued  side  is  toward  the 
Earth,  and  she  appears  with  a  round  illumined  orb, 
which  wc  call  HwJiiU  moon:  her  dark  side  being 
then  turned  a«ay  from  tlie  Earlh.  From  the  full 
she  seems  to  decrease  gradually  as  slie  goes  dirougb 
the  other  half  of  lier  courst;;  shewing  us  less  and 
less  of  her  cnliglitencd  side  every  day,  till  her  next 
change  or  conjunction  ivitli  ihe'Sun,  and  then  she 
disappears  as  before. 


A  proof        54.  This  continual  cliange  of  the  Moon's  pliascf 

tliatt,iic    dcmoiislratcb  that  she  shines  not  by  any  light  of  hef 

tviier      OH'n;  for  if  shc  did,  bting  globular,  we  should  aj-. 

"wiiiiEhi-ivajs  sec  her  with  a  round  full  orb  like  the  Sun. 

Her  orbit  is  representctl  in  the  scheme  by  the  little 

I'iE'-      circle  III,  upon  the  Earth's  orbit  ffi.     It  is  indeej 

drawn  fifty  times  too  hrge  in  proportion    to  tin 

Earth's;  and  yet  is  almost  lo  small  too  be  seen  in  tb 

di-igram- 

*f'h''*'*i  "^^^  Moon  has  scarce  any  difference  of  sea- 

wayren."  SOUS ;  llcr  iixis  being  almost  perpendicular  lo  ihi 

liglncneJ.  ecliptic.     \Vhal  is  very  singular,  one  half  of  hfc 

has  no  darkness  at  all ;  the  Karth  constantly  afford 

ing  it  a  strong  light  in  the  Sun's  absence;  uhi^ 

the  other  half  has  a  fortnight's  darkness,  and  a  fort 

night's  light  by  turns. 

oufEiriii     5(i.  Our  Earth  is  a  moon  to  the  Moon ;  waxinj 

'^^       and  waneing  regularly,  but  appearing  thirteen  time 

as  big,  and  affording  her  ihirteen  limes  as  miic 

light,  as  she  does  to  us.     When  slie  cUiuges  to  us 

the  Earth  appcius  full  to  her ;  and  when  she  is  ii 

her  first  quarter  to  us,  the  Earth  is  in  its  third  quat; 

tcr  to  her ;  and  vic^  vei'm. 

57.  But  from  one  h;ilf  of  the  Moon,  tl>e  E,irtj 
is  never  seen  at  all.  From  the  middle  of  the  oiljei 
half,  it  is  ahvays  seen  over  head  ;  turning  round  at 
most  tjiirty  times  as  tjuick  as  the  Moon  does.  Fron) 
die  circle  which  limits  our  view  of  the  Moon,  onlj 
one  half  of  the  Earth's  side  next  Jier  is  seeil;  th< 
other  half  being  hid  below  the  horizon  of  all  places 
on  thnt  ciri-.lc.  To  lier,  the  Earlh  seems  to  be  the 
Jargcst  body  in  the  uui^-crsc :  appearing  thirtea 
times  as  hrs^i-  as  she  does  to  us. 

58.  The  Moon  has  no  atmosi^iere  of  any  visi- 
ble density  surrounding  her,  as  ive  have :  for  if  she 
liad,  wc  could  never  see  her  edge  so  vicW  dcline4 

A  proof  as  it  ap]iears ;  but  there  would  be  a  sort  of  mlati 
fiLo'n'a  "''  'lii^iness  around  her,  nhich  would  make  thcf 
h^ivMiR"  no  stars  look  fainter,  when  they  are  seal  tlirough  it. 
"[■""'■     But  observation  proves,  lliat  the  stars  which  disap. 
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p«r  behind  the  Moon,  retain  their  full  lustre  until 
they  seem  to  touch  lier  very  edge,  and  then  tliej' 
vanish  in  a  moment.  This  has  been  often  observed 
by  astronomers,  but  particulaily  byCAssiKi  of  the 
star  f"  in  the  brcaM  of  Virgo,  which  appears  single 
and  round  to  the  bare  eye;  bin  through  a  refracting; 
telescope  of  i6  feet,  appears  to  be  two  stars  so  neat 
together,  that  the  distance  between  them  seems  to 
be  but  C(|ual  to  one  of  their  jipparent  diameters. 
The  moon  was  observed  to  pass  over  them  on  the 
21st  of  April  17-20,  A".  S.  :ind  as  her  dark  edge 
drew  near  to  them,  it  caused  no  change  whalevei- 
in  their  colour  or  sitcation.  At  25  min.  14  sec. 
past  12  at  nif^ht,  the  most  westerly  of  these  stars  ivas 
iiid  by  the  dart  edge  of  tlie  ISIooii ;  and  in  SO  se- 
conds aftcrAvard,  tht:  most  easterly  star  was  hid:  eacU 
of  them  disappearing  behind  the  Moon  in  an  instant, 
without  any  preceding  diminution  of  magniliide  or 
brightness ;  which  by  no  mean  s  could  hare  been  ihc 
case  if  tliere  were  an  atmosphere  round  the  Moon  ; 
for  then  one  of  the  stars  falling  obliquely  into  it  be- 
fore the  other,  ought,  by  refraction,  to  have  snllercd 
some  change  in  its  colour,  or  in  its  distance  from  tlx. 
tjther  star,  which  was  not  yet  entered  into  theatmos- 
pherc.  But  na  such  alteration  could  be  perceived; 
though  the  observation  was  made  widi  the  utmost 
attention  to  that  particular ;  and  was  vcrj'  proper  tu 
have  made  such  a  discovery.  The  faint  light  which 
has  been  seen  all  round  the  Moon,  in  total  eclipses 
of  the  Sun,  has  been  observed,  during  the  time  of 
darkness,  to  have  its  centre  coincident  nidi  the  cen- 
tre of  the  Sun  ;  and  »vas  therefore  much  more  likely 
to  arise  from  the  atmosphere  of  the  Sun,  than  from 
that  of  the  Moon ;  for  if  it  liad  been  owing  to  the 
latter,  its  centre  would  have  gone  along  with  the 
Moon's.* 

*  IthubcenlMclyMcen^ned  t)y  Mr.  Sdiroeter,  ihMtbcMoea 
is  intlt-'Ttl  turniihed  whU  »a  ktincwlierv,  smiliur  to  tliat  of  thr  Flarth, 
ntld  of  pr'^rdimal  dtrnoity :  Ihefenu^r  beins  about  oue  'jMi  pan 
ttte  dCMity  of  ihe  latwr. 
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Nor  seas.     5  p^  jf  j],e,.c  were  scas  in  the  Moon,  she  could  hav^ 

no  clouds,  rains,  or  storms,  as  we  have;  becausi 

she  lias  no  such  atmosphere  to  support  the  Aupou^ 

which  occasion  them.     And  every  one  knows,  ihi 

when  the  Moon  is  above  our  horizon  in  tlie  nigl 

time,  she  is  visible,  unless  the  clouds  of  our  atmoi 

phere  hide  her  from  our  view;  and  all  parts  of  hi 

appear,  constantly  with  the  same  clear,  serene,  at 

of  L'w^ms  ^''''"  aspect.     But  those  dark  parts  of  the  Mool 

and  deep  which  Were  formerly  thought  to  be  seas,  are  no, 

pita.         found  to  be  only  vast  deep  cavities,  and  places  whiq 

reflect  not  the  Sun's  light  so  strongly  as  others ;  hai^^ 
ing  many  caverns  and  pits,  whose  shadoivs fall  uiti 
in  them,  and  are  always  dark  on  the  side  next  \i. 
Sun.     This  demonstrates  their  being  hollow  :  an 
most  of  these  pits  have  litde  knobs  like  hillock 
standing  within  them,  and  casting  sliadows  also 
^vhich  cause  these  places  to  appear  darker  than  othei 
which  have  fewer,  or  less  remarkable  caverns.     A 
these  appearances  shew  thai  there  are  no  seas  in  th 
Moon;  for  if  there  were  any,  their  surfaces  wouli 
appear  smooth  and  even  like  those  on  die  Earth. 
The  Bi»rs      gQ.  There  being  no  atmosphere  about  the  Moi 
sibie'to*'^^^  heavens  in  the  day  time  have  the  appearance 
:|je  Moon,  night  to  a  Lunarian  who  turns  his  back  toward 

Sun;  the  stars  tt.'.n  appearing  as  bright  to  him  i 
they  do  in  the  night  lo  us.  For  it  is  entirely  owiii 
to  our  atmosphere  that  the  heavens  are  bright  abou 
us  in  the  day. 

61.  As  the  Earth  turns  round  its  axis,  the  several      I 
continents,  seas,  and  islands,  appear  to  the  Moon's 
inhabitants  like  so  many  spots  of  different  forms  and 
brightness,  moving  over  its  surface;  but  much  faini  ~ 
er  at  some  times  than  otiicrs,  as  our  clouds  covt 
The  Einh  them  or  leave  them.     By  these  spots  the  Lunaria 
'hcMOTn.  can  determine  the  time  of  the  Earth's  diurnal  motion,^ 
just  as  we  do  the  motion  of  the  Sun  ;  and  perhapsl 
they  measure  their  time  by  the  motion  of  the  EarthT 
spots;  for  they  cannot  have  a  truer  dial. 


^ 
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62.  The  MocHi's  axis  Is  so  nearly  perpendicular"''"  '- 
to  the  ecliptic,  that  the  Sun  never  removes  sensibly 
from  her  e(|imtor:  and  the*  obliquity  of  her  orbit, 
which  is  next  lo  nothing  as  seen  from  the  Suii,  can- 
not cause  the  Sun  lo  decline  sensibly  from  l»er  equa- 
tor.    Yet  her  inhabilaitts  are  not  destitute  of  meatis  H""  th* 
for  ascertaining  the  length  of  their  year,  though  their  „,"" *ta«w 
method  and  ours  must  differ.     We  can  know  thi  ihe  lenph 
length  of  our  year  by  the  return  of  our  equinoxes ;  "^^'""' 
but  the  Luiiarians,  having  always  equal  day  and 
night,  must  hai'e  recourse  to  another  method ;  and 

we  may  suppose,  they  measure  theiryear  by  observ- 
ing when  either  of  the  poles  of  our  Earth  begins  to 
be  enlightened,  and  the  other  todisappcar,  which  is 
always  at  our  equinoxes;  they  being  eonvenienUy 
situate  for  observing  great  tracts  of  hind  about  our 
Kaaih's  poles,  which  are  entirely  unknown  to  us- 
Hcnce  Me  may  conclude,  that  the  year  is  of  the 
same  absolute  length  both  to  the  Earth  and  Moon, 
though  very  different  as  to  the  number  of  days :  we 
having  365^  natural  days,  and  the  Lunarians  oitly 
12—  !  every  day  and  lught  in  the  Moon  being  as 
as  long  as  29-  on  the  Earth. 

63.  The  Moon's  inhabitants,  on  tlie  side  nest  the  ""^  ,>!>« 
Earth,  may  as  easily  find  the  longitude  of  their  pta-  °t^^g 
CCS  ns  we  can  find  the  latitude  of  ours.  For  the  pImm. 
Eartli  keeping  constantly,  or  very  nearl)-  so,  over 

one  meridian  of  the  Moon,  the  cast  or  west  distan- 
ces of  pUiCcs  from  lliat  meridian  are  as  easily  found, 
as  wc  c:tn  find  our  distance  from  the  ecjuutor  by  the 
altitude  of  our  cclestbl  poles. 

64.  Tlie  planet  Mass  is  nest  in  order,  being  the  Mar*. 
firsiabo\'e  ilic  Earth's  orbit.     Hisdistancc  from  the 
Sun  ia  computed  to  be  125  millions  of  tulles  ;  and 


ecliptic,  and  tlu:  other  tialf  below  U.    'fhc  ao^  of  its  oUhiuity  i> 
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by  travelling  at  the  rate  ol'  47  thousand  miles  every 
rig- 1.  hour,  in  the  circle  o- ,  lie  goes  round  the  Sun  in  680 
of  our  days  and  23  hours,  which  is  the  length  of  bifl 
year,  and  contains  6674  "^  '"^  ''^y^  '•  every  day  hj^ 
night  together  being  40  minutes  longer  than  with  us. 
Hisdiameter  is  4444  miteg;  and  by  his  dtunial  rik 
tation,  the  inliabitants  about  his  equator  are  carried 
556  miles  every  hour.  His  quantity  of  light  and 
heat  is  equal  but  to  one  half  of  ours ;  and  the  SuA 
appears  but  half  a<t  large  to  his  inhabitants  as  to  uft 
HiBH-  65.  This  planet  being  but  a  fifth  part  of  the  magt 

nwBpbere  nitude  of  the  Earth,  if  any  moon  attends  him,  fc^ 
e^  ''  **"  niufit  be  very  small,  and  has  not  yet  bet-n  discovers 
cd  by  our  best  telescopes.  He  is  of  a  licrj'  red  coi 
lour,  and  by  his  appulses  to  some  of  tlic  fixed  stan( 
seems  to  be  encompassed  by  a  very  gro'is  almoft 
phere.  He  appears  sometimes  gibbous,  but  ncvelp 
horned;  which  shews  bodi  that  his  orbit  includfs  thfl 
Earth's  within  it,  and  tlwt  he  sliines  not  by  his  own 
light. 

66.  To  Mars,  our  Earth  and  Moon  appear  lilu 

two  moons,  a  larger  and  a  tes$ :  clianging  place 

with  one  another,  and  appearing  sometimes  horned 

sometimes  half  or  three  quarters  illuminated,    bu 

never  full;  nor  at  most  above  one  quarter  of  a  de 

gree  from  each  other;  altliougli  liie)-  aie  240  thoa 

sand  miles  asunder.  ^^ 

How  ilie       67.  Our  Earth  appears  almost  as  large  to  Mars  a 

other  pU-  Venus  docs  to  us ;  and  at  Mars  it  i:>  never  seen  abow 

re  w  w     ^^  tl^g'tes  from  die  Sun.  Sometimes  it  appears  B 

MftTi.      pass  over  the  disc  of  the  Siui,  and  so  do  Mcrcun 

and  Venus.    But  Mercury  can  never  be  seen  (Von 

Mars  fay  such  eyes  as  ours,  imassisied  by  proi^er  iq 

slrumeots;  and  Venus  will  be  as  seldom  seen  Jisi^l 

see  Mercury.   Jupiter  and  Saturn  arc  as  visible  ti 

the  inhabitants  of  Mars  as  lo  tia.    His  axis  is  per 

pendicularto  tlie  ecliptic,  and  his  orbit  is  incliucd  t 

it  in  an  angle  of  1  degree  50  minutes. 

.    .  68.  Ji'PiTKK,  the  largest  of  all  the  planets,  i 

still  higher  in  the  system,  being  about  426  millioie 
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of  miies  from  the  Sun :  and  goihg  at  the  rate  oi^^  ^• 
25  thousand  miles  every  hour,  in  Hs  orbit,  which  '^'  * 
is  represented  by  the  circle  y. .  He  finishes  his  an- 
nual period  in  eleven  of  our  years  314  days  and  12 
hours.  He  Is  above  1000  times  as  large  as  the 
Earth;  his  diameter  being  81,000  miles;  which 
is  more  than  ten  times  the  diameter  of  the  Earth. 

69.  Jupiter  turns  round  his  axis  in  9  hours  56  The  num- 
minutes  f  so  that  his  year  contains   10  thousand  |*®^^^^* 
470  days;  tlie  diurnal  velocity,  of  his  equatorial*'*  ^^^ 
parts  being  greater  than  that  with  which  he  moves 

in  his  annual  orbit — a  singular  circumstance,  as 
far  as  we  know.  By  this  prodigious  quick  rota- 
tion, his  equatorial  inhabitants  are  carried  25  thou- 
sand 920  miles  every  hour  (which  is  920  miles  an 
hour  more  than  an  inhabitant  of  our  Earth's  equa- 
tor moves  in  24  hours)  beside  the  25  thousand 
above  mentioned,  which  is  common  to  all  parts  of 
his  surface,  by  his  annual  motion. 

70.  Jupiter  is  surrounded  by  feint  substances,  ^|?  ^«^^s 
called  belts;  m  which  so  many  changes  appear,*^  ^^^^' 
that  they  are  generally  thought  to  be  clouds ;  for 

some  of  them  have  been  first  interrupted  and  bro- 
ken, and  then  have  vanished  entirely.  They  have 
sometimes  been  observed  of  different  breadtlis,  and 
afterward  have  all  become  nearly  of  the  same 
breadth.  Large  spots  have  been  seen  in  these  belts ; 
and  when  a  belt  vanishes,  the  contiguous  spots  dis- 
appear with  it.  The  broken  ends  of  some  belts 
have  been  generally  observed  to  revolve  in  the  same 
time  with  the  spots :  only  those  nearer  the  equator 
in  somewhat  less  time  than  those  near  the  poles ; 
perhaps  on  account  of  the  Sun's  greater  heat  near 
the  equator,  which  is  parallel  to  the  belts  and  course 
of  the  spots.  Several  large  spots,  which  appear 
.  round  at  one  time,  grow  oblong  by  degrees,  and 
then  divide  into  two  or  three  round  spots.  The 
periodical  time  of  the  spots  near  the  equator  is  9 
hours  50  minutes,  but  of  these  near  the  poles  9 
hours  56  minutes.  See  Dr.  Skith^s  Optics^ 
i  1004,  &**  seq. 


churgi;  of  . 


71.  The  axis  of  Jupiter  is  so  nearly  perpcndicnj 
lieMoVsr  iar  to  his  orbit,  that  he  h^  no  sensible  change  t 
seasons;  ivliich  is  a  great  advantage,  and  uiscly 
ordered  by  the  Auihor  of  Nature,  For,  if 
axis  of  this  planet  were  inclined  any  considcrabli) 
number  of  degrees,  just  bo  many  degrees  rouni 
each  pole  would  in  their  turn  be  almost  six  of  cm 
years  together  in  darkness.  And,  as  each  degra 
of  a  great  circle  on  Jupiter  contains  706  of  oiu; 
miles,  at  a  mean  rate,  il  is  easy  to  judge  what  vast 
tracts  of  land  ivould  be  rendered  uninhabitable  by 
any  considerable  inciination  of  his  axis. 
but  tiu  72.  'Ihe  Sun  api)t:ir5  but  -^  part  as  large  to  Ju^ 
mo"^  pitcr  as  to  us ;  and  his  tight  and  heat  are  in  the 
Same  small  proportion,  but  compensated  by  thi 
quick  returns  thereof,  and  by  lour  moons  (son)«i> 
larger  and  some  less  Uianour  Earth)  which  revolvfl 
about  him  :  so  that  there  is  scarce  any  part  of  thi» 
huge  planet,  but  what  is,  during  the  whole  night, 
enlightened  by  one  oi^  more  of  these  moons ;  cxcep 
his  poles,  where  only  the  farthest  moons  can  ht 
seen,  and  where  light  is  not  wanted;  because  the 
Sun  constantly  circulates  in  or  near  the  horizoDi 
and  is  very  probably  kept  in  view  of  both  poles  by 
the  refraction  of  Jupiter's  atmosphere,  which,  if  i) 
be  like  ours,  has  certainly  refractive  power  enough 
for  that  purpose. 
Their  pe-  73.  The  Orbits  of  these  moons  are  represented  in 
roumi  Jo-  *''^  sclieme  of  llie  solar  system  by  four  small  circle! 
piter.  marked  1,  2,  3,  4,  on  Jupiter's  orbit  it ;  drawn,  in. 
deed,  fifty  times  too  large  in '  proportion  to  U, 
The  first  moon,  or  that  nearest  to  Jupiter,  goea 
round  him  in  1  day  18  hours  and  36  minutes  of  oiu 
time ;  and  is  229  thousand  miles  distant  from  hig 
centre:  the  second  performs  its  revolution  in  3  days 
13  hours  and  15  minutes,  at  364  thousand  miles  dis-^ 
tancc:  the  third  in  7  days  3  hours  and  59  minutes, 
at  the  distance  of  580  thousand  miles;  and  the  fourth,, 
or  oniermosi,  in  16  days  18  hours  and  30  minutes^, 
n\  the  distance  of  one  million  of  miles  from  hb  centre*) 


moons. 
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74.  The  angles  under  which  the  orbits  of  Jupi-  ^/^Jj^^^ 
ter's  moons  are  seen  from  the  Earth,  at  its  mean  bits,  and 
distance  from  Jupiter,  are  as  follows :    The  first,  distances 
3'  55" ;  the  second,  6'  14" ;  tlie  third,  9'  58" ;  andJer  ^^" 
the  fourth,  17'  30",     And  their  distances  from  Ju- 
piter, measured  by  his  semi-diameters,  are  thus : 

The  first,  5f ;  the  second  9,  the  third,  14*^;  and 
the  fourth,    ^^75*.       This  planet,  seen  from  its  How  he 
nearest  moon,  appears  1000  times  as  large  as  o^'' hS^SSest 
Moon'  does  to  us ;  waxing  and  waneing  in  all  her  moon, 
monthly  shapes,  every  4:^  hours. 

75.  Jupiter's  three  nearest  moons  fall  into  his  Two 
shadow,  and  are  eclipsed  in  every  revolution :  but^^ries^' 
the  orbit  of  the  fourtli  moon  is  so  much  inclined,  made  by 
that  it  passes  by  its  opposition  to  Jupiter,  without  ^^^^ju^ll 
£diing  into  his  shadow,  two  years  in  every  six.  By  ter's 
these  eclipses,  astronomers  have  not  only  discov- 
ered  that  the  Sun's  light  takes  up  eight  minutes  of 

time  in  coming  to  us ;  but  they  have  also  determin- 
ed the  longitudes  of  places  on  this  Earth,  witli 
greater  certainty  and  facility,  than  by  any  other  me- 
thod yet  known;  as  shall  be  explained  in  the  ele- 
venth chapter. 

76.  The  difference  between  the  equatorial  and  J^^^^ 
polar  diameters  of  Jupiter  is  6230  miles ;  for  his  between 
equatorial  diameter  is  to  his  polar,  as  13  to  12.  So^^^^"*- 
that  his  poles  are  3115  miles  nearer  his  centre  than  j^^^d^poiar 
his  equator  is.     This  results  from  his  quick  motion  diameters 
round  his  axis;  for  the  fluids,  together  with  the ®^ ^"P*^*""* 
light  particles,  which  they  can  carry  or  wash  away 

with  them,  recede  from  the  poles,  which  are  at 
rest,  toward  the  equator,  where  the  motion  is 
quickest;  until  there  be  a  sufficient  number  accu- 
mulated to  make  up  the  deficiency  of  gravity  lost 
by  the  centrifugal  force  which  always  arises  from  a 
quick  motion  round  an  axis :  and  when  the  defi* 
eiency  of  weieht  or  gravity  of  the  particles  is  made 

up  by  a  sufficient  accumulation,  there  is  an  equUi- 

* 

^    Cassivi  Mkmcn9  ^Jktronumey  Lev.  ix.  Chafi.  3. 
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Plate  L     briiwi,  and  the  equatorial  parts  rise  no  higher.    Our 
The  dif.   Earth  being  but  a  very  small  planet,  compared  with 
littie^n     J"P^^^r>  ^^^d  its  motion  round  its  axis  being  much 
those  of    slower,  it  is  less  flattened  of  course.     The  propor- 
©ur  Earth,  tion  between  its  equatorial  and  polar  diameters  be- 
ing only  as  230  to  229 ;  and  their  difference   36 
miles.* 
pitccof        77.  Jupiter's  orbit  is  inclined  to  the  ecliptic  in  an 
his  nodes,  angle  of  1  degree  20  minutes.   His  ascending  node 
is  in  the  8th  degree  of  Cancer,  and  his  descending 
node  in  the  8th  degree  of  Capricorn. 
Satuni.         78.  Saturn,  the  remotest  of  all  the  planets^f 
is  about  780  millions  of  miles  from  the  Sun  ;    and 
travelling  at  the  rate  of  18  thousand  miles  every 
Pg.  I.      hour,  in  the  circle  marked  \i ,  performs  its  annual 
circuit  in  29  years  167    days,  and  5  hours  of  our 
time ;  which  makes  only  one  year  to  lliat  planet. 
Its  diameter  is  67,000  miles;  and  therefore  it  is 
near  600  times  as  large  as  the  Earth. 
Hisrinff.        79.  This  planet  is  surrounded  by  a  thin  broad 
Kiff.  V.     ring,  as  an  artificial  globe  is  by  an  horizon.      The 
ring  appears  double  when  seen  through  a  good  tele. 
scope,  and  is  represented,  by  the  figure,  hi  such  an 
oblique  view  as  that  in  which  it  generally  appears. 
It  is  inclined  30  deji^recs  to  the  ecliptic,  and  is 
about  21  thousand  miles  in  breadth;  which  is  equal 
to  its  distance  from  Saturn  on  all  sides.     There  is 
reason  to  believe  that  the  ring  turns  round  its  axis ; 

*  According  to  the  Frencli  measures,  a  degree  of  tlie  meridian  at 
the  e(;^uator  contains  340606.68  French  feet ;  and  a  degree  of  the 
meriihan  in  Lapland  contains  344627.40:  so  that  a  degree  in  Lap- 


French  feet,  or  41926356  English  ;  and  the  polar  diameter  39202920 
French  feet,  or  41731272  I-Jiglisli.    The  equatorial  diameter  there- 
fore is  195084  English  feet,  or  36.948  English  miles,  longer  than  the 
axis. 
^  The  Georgian  planet  M^asnot  discovered  when  this  was  WTitten* 
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because^  when  it  is  almost  edge-wise  to  us,  it  ^Lp-^^*^^^- 
pears  somewhat  thicker  on  one  side  of  the  planet 
than  on  the  other ;  and  the  thickest  edge  has  been 
seen  on  different  sides  at  different  times*,  Saturn 
having  no  visible  spots  on  his  body,  whereby  to  de- 
termine the  time  of  his  turning  round  his  axis, 
the  length  of  his  days  and  nights,  and  the  position 
of  his  axis,  are  unknown  to  usf. 

80.  To  Saturn,  the  Sun  appears  only  -^^th  part  as  hi?  five 
large  as  to  us ;  and  tlie  light  and  heat  he  receives  "^oons. 
from  the  Sun  are  in  the  same  proportion  to  ours. 
But  to  compensate  for  the  small  quantity  of  sun- 
light, he  has  five  moons,  all  going  round  him  on  the 
out- side  of  his  ring,  and  nearly  in  the  same  plane 
with  it.  The  first,  or  nearest  moon  to  Saturn,  goes 
round  him  in  1  day  21  hours  19  minutes ;  and  is 
140  thousand  miles  firom  liis  centre  :  the  second,  in 
2  days  17  hours  40  minutes;  at  the  distance  of  187 
thousand  miles .  the  third,  in  4  days  12  hours  25 
minutes ;  at  263  thousand  miles  distance :  the  fourth, 
in  15  days  22  hours  41  minutes;  at  the  distance  of 
600  thousand  miles :  and  the  fifth,  or  outermost,  at 
one  million  800  thousand  miles  from  Saturn's  cen- 
tre, goes  round  him  in  79  days  7  hours  48  min- 
utes j:.  Their  orbits,  in  the  scheme  of  the  solar  sys-  Fig.  I. 


*  Dr.  Hcrschel,  from  some  si>ot8  he  has  neen  on  tlie  exterior  ring, 
has  determined  that  it  revohres  in  about  10  1-2  hours. 

t  Dr.  Herschd  having  discovered  that  there  are  some  belt-like 
appearances  oo  this  planet,  similar  to  those  which  are  seen  on  Jupi- 
ter, concluded  that  it  must  revolve  on  its  axis,  and  that  with  a  pretty 
Quck  motion.  He  also  thinks  he  has  determined,  from  some  parts  of 
tiime  belts  which  are  less  black  than  others,  that  this  revolution  is 
perfcnned  in  10  hours  16  minutes. 

I  Dr.  Herschd  has  discovered  two  other  moons  bdonging  to  Sa- 
turn, which  re  vdves  between  the  nearest  (tf  tlie  dd  ones  and  the  pla- 
net :  so  that  Saturn  is  now  known  to  have  seven  moons.  The  exteri- 
or of  the  new  satellites,  called  the  sixth,  revolves  at  the  distance  (A 
near  120  thousand  miles,  in  one  day  8  hours  53  minutes;  and  that 
which  is  nearest  the  primary,  termed  the  seventh,  is  distant  from  it 
about  91  thoosaad  miles,  and  perfivms  its  revdudon  in  22  hears  37 
minutes:  bnt  the  Doctor  esteems  this  last  article  rather  uncertam. 
He  has  moreover  dwcovercd  that  the  fifth  satellite  revdves  oo  its 


aymem. 

icm,  Mil  represented  by  tlie  five  small  circles,  marrf 
ed  1,  *2,  3,  A;  5,  on  Saturn's  orbit;  but  these,  likf 
the  orbits  of  the  other  satellites,  arc  drawn  fifty  tinics 
too  large  in  propoition  to  the  orbits  of  llieir  primary 
planets, 

81.  The  Sun  shines  almost  fifteen  of  our  years 
together  on  one  side  of  Saturn's  ring  « ilhout  set. 
ting,  and  as  lung  on  the  other,  in  ilslum.  So  thai 
ihc  ring  b  visible  to  the  inhabitants  of  that  planet 
for  almost  fifteen  of  our  years,  and  as  long  invisible, 
by  turns,  if  its  axis  have  no  inclination  to  its  riiig; 
but  if  the  axis  of  the  planet  be  inclined  to  the  ring, 
u,  suppose  al)out  30  degrees,  the  ring  will  appear  and  ; 
disappear  once  every  lutura]  day,  to  all  the  inhabi- 
tants wiihln  30  degrees  of  the  equator  on  both 
sides,  frequently  eclipsing  tlic  Sun  in  a  Saturni;in 
day.'  Moreover,  if  Saturn's  axis  be  thus  inclined 
to  his  ring,  it  is  ptTptndicular  to  his  orbil;  and,, 
thereby  the  inconvenience  of  diflcrent  seasons  to  ■  1 
that  planet  is  avoided.  For  considering  the  lei-.gth 
of  Saluni's  ytar,  which  is  almost  equal  to  30  of 
ours,  ivhata  dreadful  condition  must  the  inhabitants 
ofbispolarregionsbeiii,  if  they  be  half  that  time  de- 
prived of  the  light  and  heat  of  the  Sun!  whicli  is  not 
their  case  alone,  il'  the  axis  of  the  planet  be  pcrpendi-  | 
cular  to  the  ring,  for  then  the  ilng  must  hide  the  Suti 
from  vast  tracts  of  land  on  each  side  of  the  equator 
for  13  or  14  of,our  years  together,  oiuhe  south  side 
and  north  side,  bv  luniS,  as  the  axis  inclines  to  or 
from  the  Sun.  This  furnishes  another  gflbd  pre- 
ijumptive  proof  of  the  inclination  of  Saturn's  axis 
to  its  ring,  and  also  of  his  axis  bein,-'  perpendicular 
Lo  its  orbil. 

fl2.   This  ring,   seen  from  Saturn,  appears  like 
a  vast  Imiiinous  arch  in  the  heavens,  as  ii'  it  did 


\ 
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iixi},  as  cur  Mnon  docH,  in  the  same  tineft  revdves  initsoiiit :  a 
very  remai-kaJjle  i»  wdl  as  curious  cdnriiknce  in  the  motims  ti  the 
BCcandhncstatwniliHrrciLE.and  very  lUatani  inimarin,  Anditis 
probabl)'  a  ^leral  bw  orl  nature,  tlut  all  Kconiary  ^apeo  coa> 
; tantlv  prociti  Ihc  sa-nfjact  towards  tlKU/inmann. 
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not  belong  to  ihc  plaiitt.     When  we  sec  tlie  ihig 
mo!>t  open,  its  shadow  upon  the  phiiicl  is  bro.'(Icsl; 
and  t'roiii  that  time  the  shadow  grows  narrower,  as 
the  ring  appears  to  d&  to  us  ;  uiuil  by  Saturn's  an- 
nual moiiun  tJic  Sun  ctMiies  to  the  pl;inc  of  the  ring, 
or  even  with  its  ctlge ;  v.  hidi  being  then  directed  to- 
ward Its,  becomes  invisible  on  ;K;count  of  its  thin- 
ness i  as  sliall  be  cxplaititd  more  largely  in  the  tenth 
clupter,  and  illustrated  by  a  figure.     'I'lie  ring  dis- 1|'  "hiit 
appears  twice  in  cverj  annual  revolution  of  Saturn ;  0,^1* ap' 
nnmelv,  wlien  he  is  in  the  liOth  degrees  of  Pisces  and  pt»is  t  j 
of  Virgo.     And  when  Saturn  is  in  the  middle  be-J."j^g'."*^nj 
twceii  these  points,  or  in  ihe  20th  degree  citlier  o!  in  whit 
Gemini  or  of  Sagittarius,  his  ring  appetirs  most  opcr  ''^^j, 
to  us;  and  then  its  longest  dlumctcr  is  toits^one&i,iiiosiopcn 
a^  9  to  4-  '"  "'■ 

83.  To  such  eyes  as  ours,  unassiswd  by  instru- 
rnents,  Jupiter  is  tlic  only  planet  ihat  can  be  seen  but  s»- 
Irom  Saturn  ;  and  Saturn  llie  ocil^'  planet  that  can  be  '"'""'I"'* 
seen  from  Jupiter.     So  tliat  lIic  mhabitanis  of  these  jupit^r  [" 
two  planetsmust  either  ace  much  fjrtherihan  wedcnorwiy 
or  have  equally  good  instrumenls  lo  carry  their  sight  [™"jpg^ 
10  remote  objects,  if  they  know  iliat  there  is  such  aside*  j.l. 
body  as  our  Earth  in  the  universe;  far  the  Earth  iaP''"'- 
no  larger,  seen  from  Jupilcr,  tluin  his  moons  arc,  seen 
from  the  Jiarlh;  Jind  ifliis  Ijrgc  lx)dy  had  not  first 
attracted  our  sight,  and  piomptcd  our  curiosity  to 
view  hitn  with  a  telescope,  we  slmuld  never  have 
known  any  thing  of  his  nuxins;  unless  indeed  bj 
chance,  we  had  directed  the  telescope  toward  lliat 
Mnall  part  of  tjie  licavens  where  the)'  wen-,  at  tlie  time 
of  obstnj'ation.  And  the  like  is  true  of  the  moons  of 
Saturn. 

84.  'ITic  orbit  of  Saturn  is  2|  degrees  inclined  topiwe  of 
the  ecliptic  or  orbit  of  our  Earth,  and  intersects  jt^'V'''"''' 
in  the  22d  degrees  of  Cancer  and  of  Capricorn  ;  so  " 
that  Saturn's  nodes  are  only  1 4  degrees  from  tliosc 
of  Jupiter,  <i  77*. 

"  Since  Mr.  Fcrgtuon'*  death,  a  serentli  primarv  plwiet,  belong- Cfai's-ium 
itig  to  the  Kiliir  ^(tem,  boa  bern  diKo-vernl  by  Ur.  II^rKhel,  and  ^i^*. 
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"=  85.  The  quantity  of  light  afforded  by  the  Sun 
Jupiter,  being  bui  ^th  part,  and  to  Saturn  only  ,Vih 
part  of  what  we  enjoy ;  may  at  first  thoughl  induct-  us 
to  beUeve  that  these  tivo  planets  are  entirely  unfit  for 
I  rational  beings  to  dwell  upon.  But,  that  their  light 
'  is  not  so  weak  as  wc  imagine,  is  evident  from  their 
brightness  in  the  night-time ;  and  also  from  this  re- 
markable phenomenon, — that  when  the  Sun  is  so 

called  by  him,  tlie  Gcargium  Sidia,  out  of  respect  to  his  pr©- 
seol  Majcsly  King  George  tlie  III.  This  planet  is  still  higher  in  Ihft 
system  than  iiaturn,  being  about  t  JG5  minions  of  miles  from  the 
Sid  i  and  peribrms  its  aiuiual  circuit  in  IS3  years,  140  days  and  8 
liours  of  our  tiow ;  cansequcfilly  its  motion  in  its  orliit,  is  at  the  rate 
of  about  T  thousand  miles  in  «n  tiour.  To  a  good  eye  unassisted 
by  a  telesctme,  tliia  nlaact  appears  like  a  faint  star  of  the  5ih  mag- 
nitude J  and  cannot  W  readily  disiiiiguisheJ  from  a  fixed  star  with 
a  leaa  magnifying  power  (han  200  times.  Its  apparent  dinmrter 
subtends  an  angle  ot  no  more  tlian  4"  to  an  ctoserver  oti  llie  Earth ; 
but  its  i-e:J  diameter  is  about  J4,0()0  miles,  and  anseuucnily,  it  is 
ftboitt  60  timet  as  large  as  (he  Barih.  Hence  we  may  inlei'  uiat  ai 
the  Earth  cannot  be  seen  under  an  angle  of  quite  1"  to  the  inhaU* 
tanls  of  the  GeorRiao  planci,  it  hiis  never  yet  been  seen  by  them, 
unlnis  their  eyes  and  inittrumeuts  are  consiUeralily  better  than  ours. 

The  ortnt  of  this  planet  in  inclined  to  the  ecliptic  in  an  angle  of 
<e  26".  Its  ascenmog  node  is  in  the  I3th  degree  of  Gemiiii,  and 
its  descending  node  in  the  I3th  degree  of  Sagittarius,  As  no  spou 
have  yet  been  discovered  nn  its  surface,  tht  po^tifn  of  its  axis,  and 
the  length  of  its  day  and  nijht  are  not  known. 

On  account  of  tlie  imrornse  distance  of  the  Georgian  planet  from 
the  source  of  light  and  heat  to  all  the  booiis  In  our  system,  it  was 
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(listanceof  12  of  the  planet's  semi -diameters  from  ititindpcrfn-niL, 
ii9  rfvolulion  in  5  tlaj's,  31  ivuirs  23  minutes  ;  the  aocond  rcvnlvrt 
8t  16  1.2  scmi-uiameters  of  the  primary  fiom  it,  and  cnmplctcB  lu 
revolution  in  S  days  17  liours  1  minute :  the  third  at  19  nemi-diain- 
cters,  in  10  days  25  hours  4  niinutes ;  the  fourth  at  32  semUIia* 
meUris  in  13  days  11  hours  5  minutes:  the  Sth  nt  44  xmi-diame- 
ters,  in  38  days  1  hour  49  minutes:  and  the  Uxili  at  88  semi-dia- 
mctera.  in  10?  days  16  hours  40  minutes.  It  is  remarkahle  that  1 
orbits  rf  tli«e  Satrlliics  are  almost  at  right  angles  to  Uie  jilani'  _. 
ilie  ecliptic:  and  tiiat  the  motion  of  all  of  them,  in  tlidr  ortats  it 
itUrogradv. 


much  eclipsed  to  us,  as  to  have  only  the  40th  part 
ol'  his  disc  left  uncovered  by  the  Moon,  the  de- 
crease of  light  is  not  very  sensible ;  and  just  at  the 
end  of  darkness  in  total  eclipses,  when  his  ueslem 
limb  begins  to  be  visible,  and  seems  no  bigger  than 
a  bit  of  fine  silver  wire,  every  one  is  surprised  at 
the  brightness  wherewith  that  small  part  of  him 
shines.  The  Moon,  when  full,  affords  travellers 
light  enough  to  keep  them  from  mistaking  their 
way;  and  yet,  according  to  Dr.  Smith*,  it  Is 
equal  to  no  more  than  a  90  thousandth  part  of  the 
light  of  the  S'ln  :  that  is,  the  Sun's  light  is  90  thou- 
sand limes  as  stiong  as  the  light  of  the  Moon  when 
fuIJ.  Consequently,  the  Sun  gives  a  thousand  rimes 
xsmuch  light  to  Saturn  as  the  full  Moondoes  to  us , 
and  above  three  thousand  times  as  much  to  Jupiter. 
So  that  these  two  planets,  even  without  any  moons, 
would  be  much  more  enlightened  than  we  at  first 
imagine ;  and  by  having  so  many,  they  may  be  ve- 
ry comfortable  places  of  residence.  Their  heat,  so 
far  as  it  depends  on  the  force  of  the  Sun's  rays,  is 
certainly  much  less  than  ours;  to  which  no  doubt  the 
bodies  of  their  inhabitants  are  as  well  adapted  as  ours 
are  to  die  seasons  we  enjoy.  And  if  we  consider 
tltat  Jupiter  never  has  any  winter,  even  at  his  poles, 
which  probably  is  also  the  case  with  Saturn,  the 
cold  cannot  be  so  intense  on  these  two  planets  as  is 
generally  imagined.  Besides,  there  may  be  some- 
thing  in  the  nature  of  their  soil,  that  renders  it  warm- 
er than  that  of  our  Earth ;  and  we  find  that  all  our  All  our 
heat  depends  not  on  the  rays  of  the  Sun  :  for  if  "tp*^^*^^ 
did,  wc  should  always  have  the  same  months  equal-  on  the 
ly  hot  or  cold  at  their  annual  returns.  But  it  is  far  S""'* 
otherwise,  for  Pebnmry  is  sometimes  warmer  than  ^ 
May ;  which  must  be  owing  to  vapours  and  cxlia- 
lations  from  die  Karth. 

86.  Every  person  who  looks  upon,  and  compares 
the  systems  of  moons  together,  which  belong  to 

•  Optics,  Art.  w. 


Jupiter  and  Sutum  must  be  amazed  at  the  vast  ma^> 
nitude  o(  ihcst  two  planets,  mid  Uic  noble  alicnd- 
ancc  they  have  in  comparison  \\itli  oiir  hltle  Itlarth 3 
andean  never  tiring  liimscU' lo  ihink,  that  an  infi- 
nktrly  wise  Cicator  should  dis]K)se  of  all  his  iinimala 
and  vegetables  here,  leaving  the  other  planets  bare 
n  is  higU- and  destitute  of  rational  creatures.  To  supjjose 
&ic''tu»*i!l  ^''"^  ^^  ^^  ^y  ^^^"  ^°  ""''  l^c^^fi't  '"  creating  tliesu 
the  plan-  moons,  and  giving  them  their  motions  round  Jupi- 
?"!'""'■  Icr  and  Saturn;  to  imagine  that  he  intended  these 
vast  bodies  for  any  ad\"antagc  lo  us,  vhcn  he  well 
knew  they  could  never  be  seen  but  by  a  few  astrono- 
mers peeping;  through  telescopes ;  and  tliat  lie  gave 
to  llie  planets  regular  returns  of  days  and  nights, 
and  dintrent  seasons  to  all  where  they  would  be 
convenient ;  but  of  no  manner  of  service  to  us ;  ex- 
cept only  wlxit  immediately  regsirds  our  own  planet 
the  KarUi.  To  imagine,  I  say,  diiil  he  did  all  this 
on  our  account,  v^ould  be  charging  him  impiously 
with  having  done  mucli  in  vain;  and  as  absurd  av 
to  imagine  that  he  has  created  a  little  sun  and  a  pla- 
netary system  within  the  shell  of  our  Earth,  and  in* 
(ended  them  for  our  use.  Tliese  consideriitions 
umotmt  to  little  less  than  a  [losltive  proof,  that  all  t 
planets  are  inhabited  ;  for  if  they  be  not,  i\  hy  all  this 
ciu"e  in  furnishing  them  with  so  many  moons,  to 
supply  those  withligllt  which  are  at  the  greater  dh*- 
tances  from  the  Sun?  Do  we  not  see  that  the  farther 
a  planet  is  from  the  Sim,  the  greater  apparatus  it 
has  for  that  purpose  ?  save  only  Mars,  which  t>eing 
but  a  small  planet,  may  liave  moons  too  small  to  |jc 
seen  by  us.  We  know  tliat  the  Earth  goes  round 
llic  Sun,  and  turns  round  its  own  axis,  to  produce 
the  vicissitndesol'  summer  and  ivinler  hy  the  former^ 
and  of  day  and  night  by  the  latter  motion,  lor  the 
benefit  of  its  inhabitants.  May  we  not  then  fairly 
conclude,  by  jjaritj-  of  reason,  that  the  end  or  de- 
sign of  all  the  other  planets  is  Uie  same  ?  and  is  not 
this  agreeable  to  the  beautiful  harmony  which  exists 
tlvoughout  the  universe  ?  Surely  it  is :  and  this  con- 
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sideration  must  raise  in  us  the  most  inngiiificem  ideas  ''^'"*  ^• 
of  ihe  SUPREME  BEING  ;  who  is  every  where, 
and  at  all  times  presem ;  displaying  his  power,  wis- 
dom and  goodness,  among  all  liis  creaturea ;  and  dis- 
tributing happiness  to  innumt-rablc  ranks  of  various 
bfings ! 

87.  in  Fig.  11.  w'c  have  a  view  of  tiic  proportion- f;^.  h. 
al  breadth  of  the  Sun's  face  or  disc,  as  seen  from  "°*  ^'^ 
the  ditferent  planets.     The  Sun  is  represented  No.  perww 

1 ,  as  seen  from  Mercury ;  No.  2,  as  seen  Irom  Ve-  "*=  ^'''=''- 
nus;  No.  3,  as  seen  from  the  Earth;  No.  4,  aseis."**"' 
seen  from  Mars ;  No.  5,  asset-n  from  Jupiter ;  and 
No.  6,  as  seen  from  Saturn. 

Let  the  circle  i/  be  die  Sun,  as  seen  from  any  pla- F-ri" 
net  at  a  given  distance:  to  anodier planet,  at  double 
that  distance,  the  Sun  will  appcsr  jubt  of  half  that 
breadth,  as  .i ;  ^vhich  contains  only  one  fourth  part 
of  the  area  or  surHicc  of  Ji.  Vor  all  circles,  as  well 
as  square  surfaces,  arc  to  one  another  as  the  squares 
oC  tlitir  diameters  or  sides.  Thus  the  square  .■/  is  ^'S-  ^^■ 
ju&t  half  as  broad  as  the  square  /i  ;  and  yet  it  is  plain 
to  sight,  that  £  contains  four  times  as  much  sur. 
face  as  -■/.  Hence,  by  conipaiing  the  diameters  of 
the  above  circles  (tig.  11.)  together,  it  will  be  found 
lliat  in  round  numbers,  the  Sun  appears  7  times 
larger  to  Mercury  than  to  us,  90  times  larger  to  m^ 
than  to  Saturn,  and  630  times  as  large  to  Mercury 
ns  to  Saturn. 

88.  In  Fig.  v.  ive  hiivc  a  view  ofthcniagniludesi^ff.  v. 
of"  tlie  planets,  tit  proporiion  to  each  other,  and  to  a 
supposed  globe  of  two  leet  diameter  for  the  Sun. 

The  Eanli  is  27  times  as  large  as  Mercury,  ver}'  Prapnr- 
little  larger  llian  Venus,  5  times  as  large  nsiVlars;  ^'.XsaM 
bat  Jupiter  is  lO-i'J  times  as  large  as  the  Earth,  Sa-  di>ianee« 
turn  586  times  as    large,  exclusive  of  his  ""g : '^j'J'* '''*" 
and  the  Sun  is  ^77  thousand  G.'^O  limes  as  large  as 
the  l^rlli.     If  the  planets  in  this  ilgurc  were  set  at 
their  due  distances  from  a  Sun  of  two  feet  tliamt- 
icr,  according  to  their  jyToportionublc  magnitudes, 
as  in  our  system,  Mcrcurj-  xi-ould  be  ^8  yardj*  from 
the  Sun's  centre;  VenusSlyards  1  loot;  the  Earth 
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Picui.     70  yards  2  feel;  Mars  107  yards  2  feet;  Jupiu_, 
370  yards  2  feet ;  and  Saturn  760  yards  2  feet.    Tae 
comet  of  the  year  ItiSO,  at  its  greatest  distance, 
10  thousand  7fiO  yards.     Iii  tliis  proportion,  the 
Moon's  distance  from  the  centre  of  the  Karth  h  oiild 
be  only  7-j-  inches. 
AniOMof     ^^'  "^^  assist  the  imagination  in  forming  an  idea 
their  ills-  of  the  vast  distances  of  tlie  Sun,  planets  and  stars, 
(Miees,      jpj  yg  suppose  that  a  body  projected  from  the  Sun 
should  continue  to  fly  with  the  sM'ittness  of  a  cannon 
ball,  i.  e.  480  miles  every  hour;  this  body  would 
reach  the  orbit  of  Mercury,  in  7  years  221  days; 
of  Venus,  in  14  years  S  days;  of  the  Earth,  in  19 
years  91  days;  of  Mars,  in  29  years  85  days;  of 
Jupiter,  in  100  years  280  days;  of  Saturn,  in   184' 
years  240  days;  to  the  comet  of  16H0,  at  jta  great- 
est distance  from  the  Sun,  in  2660  years;  and  ti 
tlic  nearest  fixed  stars,  in  about  7  million  600  thoi 
sand  years. 
Why  the       W*  As  the  Earth  is  not  in  the  centre  of  the  orbii  _ 
pUnew     in  which  the  planets  move,  they  come  nearer  to  it'l 
^caiTr     and  go  farther  from  it.  at  difiercnt  times;  on  which 
■nd  less  fti  account  they  appear  greater  and  less   by  turns. 
u'mt^'"    Hence,  the  apparent  magnitudes  of  the  planets  are- 
not  always  a  certain  rule  to  know  them  by. 

91,  Underfig.  III.  are  the  names  and  characte; 

of  the  f.velve  signs  of  the  zodiac,  which  die  readi 

shouldbe  perfectly  well  acquainted  with;  suastoknoi 

Fig.  I.      ^'*^  characters  without  seeing  the  names.  Kacii  sigi 

contains  30  degrees,  as  in  the  circle  bounding  th< 

solar  system;  to  which  the  characters  of  the  signs 

are  set  in  their  proper  places. 

The  com.      52;  The  Comets  are  solid  opaque  bodies,  with 

^"  long  transparent  trains  or  tails,  issuing  from  tliat 

side  which  is  turned  away  from  the  Sun.     Thcv 

move  about  the  Sun  in  very  eccentric  ellipses ;  and 

are  ol'  a  much  greater  density  than  the  Eartli ;    for 

some  of  them  are  healed  in  cverj-  period  to  such  a 

degree,  as  would  vitrify  or  dissipate  any  substance 

known  to  us.     Sir  Isaac  Newton  computed  the 
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of  Ihe  comet  which  appeared  in  the  jcar  1680,  ■''''"'■  '• 
hen  nearest  the  Sun,  to  be  20U0  times  holler  than 
red-hot  iron  ;  and  tliat  being  thus  heattd,  it  musl  re- 
tain its  heal  until  it  comeb  round  again  ;  although  its 
period  should  be  more  than  twenty  thousand  jeara ; 
though  it  is  compulcd  to  be  only  575.  Tlic  niediod 
ot  i:omputing  the  heat  of  bodies,  keeping  at  any 
liiown  distance  from  die  Sun,  so  fur  as  tlieir  hcnt 
depends  on  the  force  of  the  Sun's  rays,  is  very  easy ; 
and  shall  be  explained  in  the  eigiiili  chapter. 

03.-  Part  of  the  paths  of  du-ee  comets  is  dclineat-  ^'E-  J- 
ed  in  the  scheme  of  the  solar  system,  and  the  years  ,  , 

marked  in  which  they  made   their  appearance. — 
There  are,  at  least,  21  comeis  belonging  tooursys-Thej 
teni,  moving  in  all  sorts  of  directions  ;  arwl  all  those  r™™*" 
\^hichhavc  been  obscr\xd,  have  mQ\ed through  dieofihepii- 
edicrcal  regions  and  the  orbits  of  the  planets,  uidi-"'"";^ 
out  suffering  the  least  sensible  resistance  in  theirmo-""'^' 
lions ;  which  plainly  proves  that  the  planets  do  not 
move  in  solid  orbits.     Of  all  the  comets,  the  periods  The  peri 
of  the  ubove  mentioned  three  only  are  known  with  "]f^^^'^ 
any  degree  of  certainty.    The  hist  of  these  comets  known, 
appeared  in  the  years  1531,   1<J07,  and  1682;  and 
is  expected  to  appear  again  in  ihe  year  1 758,  and 
every  75th  year  aftemard.     The  second  of  them 
appeared  in  1532,  and  1661,  and  may  be  expected 
to  rcluni  in  17a9,  and  cvciy  12<>ih  yuir  afterward. 
The  tliird,  having  last  appeared  in  1 680,  and   its 
period  being  no  less  tiian  575  years,  cannot  return 
until  the  year  2225.     This  comet,  at  its  greatest 
distance,  is  about  eleven  ihouscmd  tuo  hundred  mil> 
lions  of  miles  from  the  Sun ;  and  at  its  least  dis- 
lanoc  from  the  Sun's  centre,  which  i5  49,0lK>  miles, 
is  within  less  than  a  tliird  part  of  the  Sun's  semi-di- 
ameter from  his  surface.     In  lliat  part  of  its  orbit 
which  is  nearest  the  Sun,  it  flies  witli  tlic  amazing 
swiftness  of  880,000  miles  in  an  hour ;  and  die  Sun, 
assecnfromit,  appcarsahundreddegrecsinbreadllu 
consetiuenlly  40  ihousaod  times  as  large  as  he  ap- 
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T'l^x       pears  to  us..     The  aTstonishing  length  that  tliis  conn 
BtTmo  ^ '■'^"s  out  into  empty  space,  suggests  to  oitr  minds 
»tim-       an  idea  of  itie  vast  disiaiice  between  the  Sun  and 
J^^^^*"the  nearest  fixed  stars;  of  whose  attractions  all  the 
cometsmustkeep clear,  to  return  periodically,  and  go 
round  tlie  Sun  j  and  it  shews  us  also,  that  llic  near- 
est stare,  which  are  probably  those  tlial  scera  th) 
largest,  areas  big  as  our  Sun,  aiid  of  the  same 
ture  ivith  him;  odiL-rivise,  thty  could  not  appear 
large  and  bright  lo  us  as  they  do  at  such  an 
mcnse  distance. 
,  ,  04.  The  extreme  heat,  the  dense  atmosphere, 

PS  di'.wn  gross  vapours,  the  chaotic  slate  of  the  cornels, 
irom  ilic  at  firslsight  to  indicate  them  altogether  uniiti 
noraeJl,"'' purposes  of  animal  liie,  and  a  most  miserable  habi- 
lation  for  rational  Ixings ;  and  therefore  some*  are 
of  opinion  that  tl.cy  are  so  many  hells  for  tormcn^^ 
ing  the  damned  with  perpetual  vicissitudes  of  he# 
and  cold.  But  when  we  consider,  on  the  other  hand 
the  infinite  power  and  goodness  of  llic  Deity  ; 
latter  inclining,  the  former  enabling  him  to  n' 
creatures  suited  to  all  states  and  ch'cumstances ; 
matter  exits  only  for  the  sake  of  intelligent  beiiig_ 
and  that  whcrei^er  \\c  find  it,  we  always  find  it  prcg 
mijt  uiih  life,  or  necessarily  subservient  lIicrctQ" 
tlic  numberless  si^cies,  the  astonishing  diversity  % 
iinimals  in  earth,  air,  water,  and  even  on  other  ani 
inals;  every  blade  of  grass,  every  tender  leaf,  cvB 
ry  natural  lluid,  swarming  with  Hlc ;  and  every  on 
of  tliese  cnjojing  such  gratifications  as  the  nature  at^ 
state  of  each  requires :  wlicn  wc  reflect,  nlo^co^  a 
that  some  centuries  ago,  till  experience  undeceive 
us,  agreaLpart  of  the  EarUnvas  :idjudged  uninhabi- 
table; the  torrid  zone,  by  reason  of  excessive  heat,  and 
the  two  frigid  zones  Ijccausc  of  their  intolerable  cold^ 
it  seeitis  highly  probable,  that  such  numerous  aai 

•  Mr.  Whistok,  in  bis  Astronomical  Principles  of  Sclipon. 
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l^ge  masses  of  durable  matter  as  the  comets  ai^^ 
however  unlike  they  be  to  our  Earth,  are  not  des- 
titute  of  beings  capable  of  contemplating  with 
wonder,  and  acknowledging  with  gratitude,  the 
wisdom^  symmetry,  and  beauty  of  the  creation ; 
which  is  more  plainly  to  be  observed  in  their  ex- 
tensive tour  through  the  heavens,  than  in  our  more 
confined  circuit.  If  farther  conjecture  be  jDer- 
mitted,  may  we  not  suppose  them  instrumental  in 
recruiting  the  expended  fuel  of  the  Sun ;  and  sup- 
plying the  exhausted  moisture  of  the  planets? 
However  difficult  it  may  be,  circumstanced  as  we 
are,  to  find  out  their  particular  destination,  this  i^ 
an  undoubted  truth,  that  wherever  the  Deity  ex- 
erts  his  power,  there  he  also  manifests  his  wisdom 
and  goodness. 

95.  THE  SOLAR  SYSTEM,  here  described.  This  sy«* 
is  not  a  late  invention ;  for  it  was  known  and  taught  1^™  JIJ^ 
by  the  wise   Samian   philosopher  Pythagoras, and de- 
and  others  among  the  ancients  :  but  in  latter  times  1^^"*^*'' 
was  lost,  till  the  15th  century,  when  it  was  again 
restored  by  the  famous  Polish  philosopher,  Nicho- 
LAUs  Copernicus,   bom  at  Thorn  in  the  year 
1473.     In  this  he  was  followed  by  the  greatest  ma- 
thematicians and  philosophers  that  have  since  lived ; 

as  Kepler, Galileo,  Descartes, Gassendus^ 
and  Sir  Isaac  Newton  ;  the  last  of  whom  has  es- 
tablished this  system  on  such  an  everlasting  founda- 
tion of  mathematical  and  physical  demonstration, 
as  can  never  be  shaken ;  and  none  who  understand 
him  can  hesitate  about  it. 

96.  In  the  Ptolemean  system^  the  Earth  was  sup-  ThePtolc* 
posed  to  be  fixed  in  the  centre  of  the-  universe ;  mean  syi- 
and  the  Moon,  Mercury,  Venus,  the  Sun,  Mars,  surd. 
Jupiter,  and  Saturn,   to  move  round  the  Earth. 
Above  the  planets,  this  hypothesis  placed  the  fir- 
mament of  stars,    and  then  the    two   crystalline 
spheres :  all  which  were  included  in  and  received 
motion  from  tlxe  primum  mobile^  which  constantly 
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revolved  about  the  Earth  in  24  hours  from  east  to 
west.    But  as  this  rude  scheme  was  found  inca* 
pable  of  standing  the  test  of  art  and  observation^  k 
was  soon  rejected  by  all  true  philosophers;  not* 
withstanding  the  opposition  and  violence  of  blind 
and  zealous  bigots. 
The  Ty-        97.  The  Tychonic  system  succeeded  the  Ptolo^ 
system     mean^  but  was  never  so  generally  received.    In  this 
partly      the  Earth  was  supposed  to  stand  still  fn  the  centre 
w^rtiy*^^  of  the  universe  or  firmament  of  stars,  and  the  Sun 
false.       to  revolve  about  it  every  24  hours ;  the  planets,*-* 
Mercury,  Venus,  Mars,  Jupiter,  and  Saturn,  go- 
ing round  the  Sun  in  the  times  already  mentioned. 
But  some  of  Tycho's  disciples  supposed  the  Earth 
to  have  a  diurnal  motion  round  its  axis,  and  the 
Sun  with  all  the  above  planets  to  go  round  the 
Earth  in  a  year;   the  planets  moving   round  tfie 
Sun  in  the  aforesaid  times.     This  hypothesis  b^ng 
partly  true  and  partiy  false,  was  embraced  by  few ; 
and  soon  gave  way  to  the  only  true  and  rational  sy^ 
tem,  restored  by  Copernicus,  and  demonstrated 
by  Sir  Isaac  Newton. 

98.  To  bring  the  foregoing  particulars  into  one 
point  of  view,  with  several  others  which  follow^ 
concerning  the  periods,  distances,  magnitudes,  CsPc. 
of  the  planets,  the  following  table  is  inserted. 
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'^  OQ  TV/T-'^'^'^^^'  •*  °^  itself  inactive,  and  indif< 
J^j|_  I'erent  to  motion  or  rest.  A  body  at  rest 
can  never  put  itself  in  motion ;  a  body  in  motioo 
can  never  stop  or  move  slower  of  iiself.  Henc^ 
when  we  bc^  a  body  in  motion,  wc  conclude-  that  some, 
other  substance  must  have  given  it  that  moUon  f 
when  we  see  a  body  fall  from  motion  to  nst  we  con- 
elude  diat  has  some  other  body  or  cause  stopt  it. 

100.  All  motion  is  naturally  rectilineal.  A  bullet 
thrown  by  the  hand,  or  discharged  from  a  cantion^ 
would  continue  to  move  in  the  same  direction  it  re- 
ceived  at  iirst,  if  no  other  power  diverted  its  course. 
Therefore,  when  we  see  a  body  moving  in  a  curve  of 
whatever  kind,  we  conclude  it  must  be  acted  upon 
by  two  powers  at  least :  one  to  jiut  it  in  motion,  and 
another  drawing  it  off  from  the  rectilineal  course 
which  it  would  otherwise  have  continued  to  movfl 
in. 

101.  The  power  by  which  bodies  fall  toward  the 
Earth,  is  called  p-aviiy  or  attraction.  By  tliis 
power  in  the  Earth  it  is,  that  all  bodies  on  what- 
ever side,  fall  in  lines  perpendicular  to  its  surface. 
On  opposite  parts  of  the  Earth,  bodies  fall  in  op- 
posite directions ; — all  toward  the  centre,  where  the 
whole  force  of  gravity  is,  as  it  were,  accumulated. 
By  this  power  constantly  acting  on  bodies  near  the 
Earth,  they  are  kept  from  leaving  it  altogether; 
and  those  on  ils  surface  are  kept  there  un  all  sides, 
so  Uiat  they  cannot  fall  from  it.  Bodies  dirown 
with  any  obliquity  are  drawn,  by  this  power,  Irom 
a  straight  line  into  a  curve,  until  they  fall  to  ihe 
ground:  the  greater  the  force  by  Mhich  they  are' 
thro«n,  the  greater  is  the  distance  they  are  carried 
before  they  lall.     If  we  suppose  a  body  carried  &e- 
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i  miles  above  the  Earth,  and  there  projected  iji 

aliorizontal  direction,  ^vith  so  great  a  velocity,  that 
it  would  move  more  than  a  semidiameier  of  tlie 
Earth  in  the  time  it  would  take  to  fall  to  the  Earth 
by  gravity  ;  in  that  case,  if  diere  were  no  resisting 
medium  in  the  way,  the  body  would  not  fall  to  llie 
Earth  at  all,  but  continue  to  circulate  round  the 
Earth,  keeping  always  the  same  path,  and  reluming 
to  the  point  from  whence  it  was  projected,  with  the 
same  velocity  as  at  first. 

102.  We  find  that  the  Moon  moves  round  the  Earth  Hrojeciile 
in  an  orbit  nearly  circular.     The  Moon  therefore  J^^(,J; 
must  be  acted  on  by  two  powers  or  forces ;  one,  bic, 
which  would  cause  her  to  move  in  a  right  line; 
another,  bending  her  motion  from  that  luie  into  a 
cur\-e.     This  attractive  power  ntust  be  seated  in 
the  Earth  i  for  there  is  no  other  body  within  the 
Moon's  orbit  to  draw  her.     The  attractive  power 
of  the  Earth  thcreibre  extends  to  the  Moon ;  and, 
in  combination  with  her  projectile  force,  causes  her 
to  move  round  the  Eartli,  in  the  same  manner  as  the 
circulating  body  above  supposed. 

103.  The  moons  of  Jupiter  and  Saturn  are  ob-TheSim 
served  *o  move  round  Uieir  primarj'  planets:  diere- ^, ^^j^J^, 
fore  there  is  an  attractive  power  in  these  planets.  e«ch 
All  the  planets  move  romid  the  Sun,  and  respect  it"*^''- 
for  their  centre  of  motion  :  therefore  the  Sun  must 

lie  endowed  with  an  attracting  power,  as  well  as  the 
Eardi  and  planets.  The  like  may  Iw  proved  of  the 
comeb..  So  that  all  the  bodies  or  matter  of  the  solar 
system,  are  possessed  oi'  this  power ;  and  so  per- 
raps  is  all  matter  universally. 

104.  As  the  Sun  attracts  the  planets  with  their 
satdlitrs,  and  tlie  Eardi  the  Moon ;  so  the  planets 
and  BaleUitcs  re-attract  the  Sun,  and  the  Moon  tlie 
Earth;  action  and  re-action  being  always  equal. 
This  is  also  confirmed  by  observation ;  fnr  the 
Moon  raises  tides  in  tl)e  ocean,  and  the  satellites 
luid  planets  disturb  one  another's  motions. 


^         -^ 


3 


76  The  Copernican  System  demonstrated  to  be  true. 

105.  Every  particle  of  matter  being  possessed  of 
jui  attracting  power,  the  efiect  of  the  whole  must 
be  in  proportion  to  the  number  of  attracting  parti- 
cles :  that  is,  to  the  quantity  of  matter  in  the  body. 
This  is  demonstrated  from  experiments  on  pendu- 
lums :  for,  when  they  are  of  equal  lengths,  whatever 
their  weights  be,  they  always  vibrate  in  equal 
time9.  Now,  if  one  be  double  the  weight  of  an- 
other, the  force  of  gravity  or  attraction  must  be 
double  to  make  it  oscillate  with  the  same  celerity ; 
if  one  have  thrice  the  weight  or  quantity  of  matter 
of  another,  it  requires  thrice  the  force  of  gravity  to 
make  it  move  with  the  same  celerity.  Hence  it  is 
certain,  that  the  power  of  gravity  is  always  proper- 
tional  to  the  quantity  of  matter  in  bodies,  whatever 
may  be  their  magnitudes  or  figures. 

106.  Gravity  also,  like  all  other  virtues  or  ema- 
nations, either  drawing  or  impelling  a  body  toward 
the  centre,  decreases  as  the  square  of  the  distance 
increases:  that  is,  a  body  at  twice  the  distance  attracts 
another  with  only  a  fourth  part  of  the  force ;  at  four 
times  the  distance,  with  a  sixteenth  part  of  the  force, 
&c.  This  too  is  confirmed  from  observation,  by 
comparing  the  dii.tance  which  the  Moon  foils  in  a 
minute  from  a  right  line  touching  her  orbit,  with  the 
space  which  bodies  near  the  Earth  fall  in  the  same 
time :  and  also  by  comparing  the  forces  which  retaift 
Jupiter's  moons  in  their  orbits :  as  will  be  more  fully 
explained  in  the  seventh  chapter. 

^In^i  107.  The  mutual  attraction  of  bodies  may  be 
projection  exemplified  by  a  boat  and  a  ship  on  the  water, 
exempli-  tied  together  by  a  rope.  Let  a  man  either  in  the 
ship  or  boat  pull  the  rope  (it  is  the  same  in  effect  at 
which  end  he  pulls,  for  the  rope  will  be  equally 
stretched  throughout)  the  ship  and  boat  will  be 
drawn  toward  one  another ;  but  with  this  difference, 
that  the  boat  will  move  as  much  faster  than  the  ship, 
as  the  ship  is  heavier  than  the  boat.  Suppose  the 
boat  as  heavy  as  the  ship,  and  ihey  will  draw  one 
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^^^Hier  equally,  (setting  aside  the  greater  resistance 
^^Roe  water  oii  the  larger  body)  and  meet  in  the 
middle  ol"  the  first  distance  between  them.  If  the 
i  ship  be  a  thousand  or  ten  thuusand  times  lieavier 
H  than  the  boat,  the  boat  will  be  drawn  a  thousand  or 
ten  thousand  times  faster  than  the  ship ;  and  meet 
I  proportionably  nearer  the  place  from  which  the  ship 
I!  set  out.  Now,  while  one  man  pulls  the  rope,  en- 
I  deavouring  to  bring  the  sliip  and  boat  together,  let 
!|       ailollier  man  in  the  boat,  endeavour  to  row  it  off  side-  ■ 

ways,  or  at  right  angles  to  the  rope ;  and  the  former, 

I       instead  of  being  able  to  draw  the  boat  to  the  ship, 

I       will  find  it  enough  for  him  to  keep  the  bout  hrom 

';       goingfurtheroff;  whilethe  latter  endeavouring  to  row 

!       off  ine  boat  in  a  straight  line,  will,  by  means  of  the 

odier's  pulling  it  toward  the  ship,  row  the  boat  round 

the  ship  at  the  rope's  length  from  her.     Here  the 

power  employed  to  draw  the  ship  and  boat  to  one 

another  represents  the  muttiat  attraction  of  tlic  Sun 

and  pLinets  by  which  the  planets  would  fall  trcely  to. 

ward  the  Sun  with  a  quick  motion ;  and  would  also 

in  falling  attract  tlie  Sun  toward  them.     And  the 

power  employed  to  row  off  the  boat,  represents  the 

projectile  force  impressed  on  the  planets,  al  right 

angles,  or  nearly  so,  to  the  Sun's  attraction;    by 

which  means  the  planets  move  round  the  Sun,  and 

are  kept  from  falling  to  it.     On  the  other  hand,  if  it 

be  attempted  to  make  a  heavy  ship  go  round  a  light 

.       boat,  Uiey  ^vill  meet  sooner  than  the  ship  can  get 

f       round  ;  or  the  sliip  will  drag  the  boat  after  it. 

1,  loy.  Let  the  above  principles  be  applied  to  the 

Sun  and  Jiardi ;  and  they  will  evince,  licvond  a  pos- 

abitity  of  doubt,  tliat  the  Sun,  not  the  harth,  is  the 

centre  of  the  system ;  and  tlut  the  Kartli  moves 

round  Ute  Sun  as  the  other  planets  do. 

if  die   Sun   move   about  the   Earth,   the 

I  attractive  power  must  tlraw  the  Sun  toward 

n  tlio  line  of  projection,   so  as  to  bend  its 

into  B  cur^'c.     But  tlw  Sun  being  at  least 
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227  thousand  times  as  heavy  as  the  Earth,  being  s 
much  heavier  as  its  quantity  of  matter  is  greater,  ; 
must  move  227  thousand  times  as  slowly  toward  Ul 
Earth,  as  tht  Earth  does  toward  the  Sun ;  and  cot 
sequently  tlic  Earth  would  fall  to  the  Sun  in  a  shea 
time,  if"  it  Iiad  not  a  very  strong  projectile  motion  t 
carry  it  off.  The  Earth  therefore,  as  well  as  ever 
other  planet  in  the  system,  must  have  a  rectilineal  im 
'  aiwdity'ofl'"'^'  ^o  prevent  its  falling  to  tJie  Sun.  To  say 
supposing  diat  gravitation  retains  all  the  other  planets  in  theii 
««»""' 0'''^'t3.  without  aifecting  the  Earth,  which  is  placet 
between  the  orbits  of  Mars  and  Venus,  is  as  absur* 
as  to  suppose  that  six  cannon  bullets  might  be  pro 
jected  upward  to  different  heights  in  die  air ;  an( 
that  fi\'e  of  them  should  fall  down  to  the  ground 
but  the  sixth,  which  is  neither  the  highest  nor  th 
lowest  should  remain  suspended  in  tire  air  withou 
falling,  and  die  Earth  move  round  about  it. 

109.  There  is  no  such  thing  in  nature  as  a  heav] 
body  moving  round  a  light  one,  as  its  centre  of  mo 
tion,  A  pebble  fastened  to  a  mill-stone,  by  a  string 
may,  by  an  easy  impulse,  l>e  made  to  circulao 
round  the  mill-stone ;  but  no  impulse  whatever  cai 
make  a  milUstone  circulate  round  a  loose  pebble 
for  the  mill-stone  would  go  off,  and  carry  the  |>ebbl 
along  with  it. 

1 10.  The  Sun  is  so  immensely  greater  and  hea 
vier  than  tlie  Earth,*  that  if  he  were  moved  out  < 
his  place,  not  only  the  Earth,  but  all  the  other  pla 
nets,  if  they  were  united  into  one  muss,  vrould  b 
carried  along  with  the  Sun,  as  the  pebble  would  be 
with  the  mill-stone. 

111.  By  considering  the  law  of  gra\ italion  whic 
takes  place  througlioin  the  solar  system,  in  anothe 
light,  it  will  he  evident,  that  the  Earth  move 
round  the  Sun  in  a  year ;  and  not  the  Sun  roum 
the  Earth.     It  has    been  shewn  (!»  106)   diat  thi 

■  As  wUl  be  ddaonamted  in  the  ninth  diapter. 
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power  of  gravity  decreases  as  the  square  of  the  dis^  The  har* 
tance  increases ;  and  from  this  it  follows,  with  mathe-  Sleeks* 
matical  certainty,   that  when  two  or  more  bodies  tiai  mo* 
move  round  another  as  their  centre  of  motion,  the  ^*®™- 
squares  of  their  periodic  times  will  be  to  one  another 
in  the  same  proportion  as  the  cubes  of  their  distances 
from  the  central  body.     This  IWds  precisely  with 
regard  to  the  planets  round  the  Sun,  and  the  satel- 
lites  round  the  planets ;  the  relative  distances  of  all 
which  are  well  known.    But,  if  we  suppose  the  Sun 
to  move  round  the  Earth,  and  compare  its  period 
with  the  Moon's  by  the  above  rule,  it  wiB  be  found 
that  the  Sun  would  take  no  less  than  173,510  days 
to  move  round  the  Earth  i  ii)  which  case  our  year 
would  be  475  times  as  long  as  it  now  is.     To  this 
we  may  add,  that  the  aspects  of  increase  and  de- 
crease of  the  planets,  the  times  of  their  seeming  to 
Stand  still,  and  to  move  direct  and  retrograde,  mi- 
swer  precisely  to  the  Earth's  motion ;  but  not  at  afl 
to  the  Sun's,  without  introducing  the  most  absord 
and  monstrous  suppositions,  which  would  destroy  att 
harmony,  order,  and  simplicity  in  the  system.  More- 
over,  if  the  Earth  be  supposed  to  stand  still,  and  the 
stars  to  revolve  in  free  space  about  the  Earth  in  24 
hours,  it  is  certain  that  the  forces  by  which  the  stars 
revolve  in  their  orbits  are  not  directed  to  the  Earthy 
but  to  the  centres  of  the  several  orbits ;  that  is,  of  the 
sevend  parallel  circles  which  the  stars  on  different  The  ab. 
Mcs  of  the  equator  describe  every  day ;  and  the  like  JJJjf  **^-^I 
inferences  may  be  drawn  from  tfaie  supposed  diurnal  the  sun 
motion  of  the  planets,  since  tlicy  arc  never  in  the  *"^  p^- 
equinoctial  but  twice  in  their  courses  with  regard  to  more 
the  starry  heavens.     But,  that  forces  should  be  di-  ^^^^  ^i^* 
rected  to  no  central  body,  on  tvhich  they  physically  ^^^' 
depend,  but  to  innumerable  imaginary  points  in  the 
axis  of  the  Earth  produced  to  tl^  pdes  of  the  liea* 
vens,  is  a  hypothesis  too  absurd  to  be  allowed  of         \ 
by  any  rational  creature.     And  it  is  still  more  ab* 
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surd  lo  imagine  that  these  forces  should  increase  ex 
actly  in  proportion  to  the  distances  from  this  asis 
for  that  is  an  indication  of  an  increase  to  infinity 
whereas  the  force  of  attraction  is  found  to  decreaat 
in  receding  from  the  fountain  from  whence  it  Bon's 
But  the  farther  any  star  Is  from  the  quiescent  pole 
the  greater  must  be  the  orbit  which  it  describes ;  am 
j-et  it  appears  to  go  round  in  the  same  time  as  lh< 
nearest  star  to  the  pole  does.  And  if  we  take  inU 
consideration  the  iwo-foid  motion  observed  in  th< 
stars,  one  dlunial  round  the  axis  of  the  Earth  in  S 
hours,  and  the  other  round  the  axis  of  the  ecliptic  il 
25920  j'cars,  \  251,  it  would  require  an  explicatioi 
of  such  a  perplexed  contjiosition  of  forces,  ascouli 
by  no  means  be  reconciled  with  any  physical  theory 

Objec  112.  There  is  but  one  objection  of  any  weigh 

^^jt     that  can  be  made  against  the  Earth's  motion  roum" 
the  the  Sun,  wiiich  is,  that  in  opposite  points  of  th 

rowionin-  F-^''t'''s  orbit,  its  axis,  which  always  keeps  a  paral 
swcred.    lei  direction,  would  point  to  different  fixed  stars; 
whicii  is  not  found  to  be  fact.     But  this  objectioi 

is  easily  removed,  by  considering  die  immense  dia. 

tance  of  the  stars  in  respect  to  the  diameter  of  th) 
Earth's  orbit ;  the  latter  being  no  more  than  a  pom 
when  compared  to  the  former.  If  we  lay  a  ruler  o 
the  side  of  a  table,  and  along  the  edge  of  the  rule 
view  the  top  of  a  spirt  at  ten  miles  distance,  ai« 
then  lay  the  ruler  on  the  opposite  side  of  the  tabh 
in  a  parallel  situation  to  what  it  had  before,  the  spin 
will  still  appear  along  the  edge  of  the  ruler,  liecaua 
our  eyes,  even  when  assisted  by  the  best  instni. 
ments,  are  incapable  of  distinguishing  so  small  i 
change  at  so  great  a  distance. 

113.  Dr.  Bradley  found,  bya  long  series  of  tliq 
most  accurate  observations,  that  there  is  a  small  ap. 
parent  motion  of  the  fixed  stars,  occasioned  by  tho 
aberration  of  their  light,  and  so  exactly  answering  ta 
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an  annual  motion  of  the  Earth,  as  evinces  the  same, 
even  to  a  mathematical  demonstration.  Those  who 
are  qualified  to  read  the  Doctor's  modest  account  of 
this  great  discovery,  may  consult  the  Philosophical 
Transoctiom,  No.  406.  Or  they  may  iind  it  treated 
of  at  large  by  Drs.  Smith*,  Losct,  Desacu- 
LIERSJ,  KurHEBFURTHll,  Mr.  Maclaurin,  Mr, 
SiMPSO-v^,  and  M.  de  la  Caill£**. 

114.  It  is  true  that  the  Sun  seems  to  change  *»s^y*« 
place  diiily,  so  as  to  make  a  tour  round  the  starry  pe„,io 
heavens  in  a  year.     But  whether  the  Sun  or  Karlh  ch»nee 
inov*es,  this  appearance  will  be  the  same;  for,  when  "  ^  ""^^ 
the  Earth  is  in  any  part  of  the  heavens,  the  Sun  will 
appear  in  the  opposite.     And  therefore  this  appear- 
ance can  be  no  objection  against  the  motion  of  the 
Eartli. 

115.  It  is  well  known  to  every  person  who  has 
sailed  on  smooth  water,  or  been  carried  by  a  stream 
in  a  calm,  thai,  however  fast  tlie  vessel  goes,  he 
does  not  feel  its  progressive  motion.  The  motion 
of  the  Karth  is  incomnarabiy  more  smooth  and  uni- 
form than  that  of  a  ship,  or  any  machine  made  and 
moved  by  human  art :  and  tlierefore  it  is  not  to  be 
imagined  that  we  can  feel  its  motion. 

116.  We  fnid  that  the  Sun,  and  those  planets Tb« 

on  which  there  are  visible  spots,  turn  round  their^,,!-,^^^ 
axes :  for  the  spots  move  regularly  over  their  discs,  lu  ixia 
From  hence  we  may    reasonably   conclude,    that||j^™^^* 
the  other  planets  on  wliich  we  see  no  spots,  and 
the  Earth,  which  is  likewise  a  planet,  have  such 
rotations.    But  being  incapable  of  leaving  the  Earth, 
^viewing  it  at  a  distance,  and  its  rotation  being 
\  uniform,  we  can  neither  sec  it  move 
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on  its  axis  as  we  do  die  planets,  nor  fet-l  our!icl\« 
affected  by  its  motion.  Y«t  tlierc  is  one  effect  i 
sue!)  a  motion,  whicit  uill  enable  us  to  j»dgc  wid 
certainty  wliethcr  tlic  Earth  revolves  on  its  axis  a| 
not.  All  globes  which  do  not  turn  round  theiraxfli 
will  be  perfect  spheres,  on  account  of  the  ecjualitti 
of  thewciglit  of  bodies  on  their  stn'faces;  cspcci^ 
ally  of  tlie  fluid  parts.  But  all  globes  which  turn  c 
their  axes  will  be  oblate  splieroids ;  that  is,  tbeU) 
suriaces  will  be  higher  or  further  from  the  centre  uf 
the  equatorial  than  in  the  poW  regions;  for,  as  lhi~ 
equaloriid  pans  move  quickest,  they  will  recede  fai 
thest  IVum  the  axis  of  motion,  and  enlitrgc  iIk  equaf 
torial  diameter.  That  our  £arUi  is  reiiily  ol"  tliir 
ligure,  indemonstrable  trum  the  unequal  vibmtioni 
of  a  pendulum,  and  die  unequal  lengihs  oi  dcgieei 
in  different  latitudes.  Since  Oien  the  Eanh  is  higha 
ul  die  equator  than  at  the  poles,  die  sea,  which  n&) 
turally  runs  downuard,  or  toward  the  places  w-hi<^ 
are  nearest  the  centie,  would  run  toward  the  polm 
regions,  and  leave  the  equatorial  parts  drj-,  \\  th 
centrifugal  force  of  tliesc  parts  by  wliich  the  ivali? 
were  carried  tliithcr  <lid  not  ktcp  them  Irom  rct«rL 
ing.  The  Earth's  equatorial  diiaineb'r  is  36  luilq 
longer  than  its  axis. 

117.  Bodies  near  (Ik  ptjles  arc  heavier  than  tho! 
tou'atd  the  equator,    because  they  are    nearer    tfa 
Earth's  centre,  \vhcre  the  whole  force  of  the  E.arth' 
atli'action  is  accumulated.     They  aie  also  heuvie) 
because  their  centrifugal  force  is  less,  on  accouB 
of  their  diui-nal  motion  being  slower.     For  I 
these  reasons,  bodies  carried  from  the  poles  tu^van 
the  equator  gradually    lose  f)f  their  ivclght.     K» 
pcrimcnts  prove  thai  a  [icnduluni  which  vibrate 
seconds  near  ,lhc   pok-s,  vibrates  slower  near  th 
equator ;    which  shews,    th.it  it  is  Ijgliter  or  I 
attractive  there.     To  make,  it  oscillate  in  the  m  ._^ 
time,  it  is  found  necessary  to  diminish  its  length 
}tiy  compai-lng  the  diflui'ent  Icngtlis  of  pendulums 
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swinf^ing  seconds  at  ilic  i^quator  and  M  London,  it  b 
found  thut  a  pendulum  munt  be  U-niv  lines,  or  iSih 
part  ot"  :in  in<;li  shorter  til  Uit  ccniator  liinn  at  the  poles. 

1 1 8.  It  the  harth  turned  roiiiid  its  axis  in  84  mi-  ""■Jt^n^ 
nutes  43  seconds,  the  ccntrUugal  force  would  bt-  .ii  iiicir 
equal  to  ihe  pottcr  ot  gravity  at  the  cquatOT;  aiidali^^^'G'"- 
bodies  llicre  ^vould  aitircly  lose  tluir  weight.     If 

the  Earth  re-iolvol  quicker,  lliey  would  all  fly  off, 
and  leave  it. 

119.  A  person  on  tin-  Eartfi  can  no  more  be  sen- ^|^ 
mblc  of  its  tmdi?iUirbcd  mmioti  on  its  axis,  tiian  one  mniion 
ill  the  cabin  of  a  ship,  oil  Miiootii  water,  can  be  sen- """o*** 
sibJc  of  the  ship's  motion  when  it  turns  g«itly  and  '  ^ 
unilbrmly  round.      It    is  tficrcfore  no    argument 
agninst  the  Earth's  diurnal  motion,  that  nc  do  not 

fcel  it :  nor  is  the  appiirent  levolutioas  of  the  celes- 
tial bodies  every  day  a  proof  of  the  reality  of  these 
muttons  i  for  wlu-'tber  we  or  they  revolve,  tlie  ap- 
pearance is  tlie  very  same.  A  person  looking 
thiougli  the  cabin-windows  of  a  sliip,  as  strongly 
ftixies  the  objects  on  land  to  go  round  whai  the 
bhip  lums,  as  if  they  were  actuuliy  in  motion. 

120.  i(  Vic  could  translate  ourselves  from  pland 
to  planet,  we  should  still  find  diat  the  stars  would 
appear  of  tlie  same  magnitudes,  and  at  the  same 
dtstnnocs  from  each  tither,  as  they  do  to  us  on  the 
Earth,  because  die  diameter  of  the  remotest  planet's 
orbit  bears  no  sensible  proportion  to  the  distance  of 

tiaa  stam.     liul  then,  the  heavens  would  seem  toI''"i'ed'i^- 
re^-olve  about  very  diflettnt  axes;  and  consequcm-n'u"^e'' 
ly,  those  (juicsccnt  points,  which  are  our  poles  in  heavem 
lilc  hcavais,  would  !*ecm  to  revolve  about  other  "J'JJf^u"^ 
points,  which,  though  apprcntly  in  motion  as  secnondiHer- 
trom  the  iutrth,  would  be  at  rest  as  seen  from  any'^"*  "***■ 
other  planet.     'I'hus  the  axis  of  N'enus  «<hich  lies 
ahuost  at  r^ht  angles  to  the  axis  of  tlie  Earth, 
would  liuve  its  motionlcvt  poles  in  tivo  oj>positc 
1  of  the  tacivcttt,  lying  almost  in  our  c<[ir' 
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noctial,  where  the  motion  appears  quickest ;  bc 
cause  it  is  seemingly  performed  in  the  greatest  circle 
And  the  very  poles  which  are  at  rest  to  us,  have  th 
quickest  motion  of  all  as  seen  from  Venus.  Tt 
Mars  and  Jupiter,  the  heavens  appear  to  turn  roun 
with  very  diftl'rent  velocities  on  the  same  axis,  whosi 
poles  are  about  2jJ  degrees  from  ours.  Were  'Wi 
on  Jupiter,  wc  should  be  at  first  amazed  at  the  rapid 
motion  of  the  heavens ;  the  Sun  and  stars  goire 
round  in  9  hours  56  minutes.  Could  wc  go  froni 
thence  to  Venus,  we  should  be  as  much  surpriso 
at  the  slowness  of  the  heavenly  motions ;  the  Sui 
going  but  once  round  in  584  hours,  and  the  stars  ii 
540.  And  could  we  go  from  Venus  to  the  Mooa 
we  should  see  the  heavens  turn  round  with  a  yd 
slower  motion ;  the  Sun  in  708  hours,  the  stars  n 
655.  As  it  is  impossible  these  various  circumvo? 
lutions  in  such  different  limes,  and  on  such  difforcnl 
axes,  can  bc  real,  so  it  is  unreasonable  to  suppose 
the  heavens  to  revolve  about  our  Earth,  more  thai 
it  docs  about  any  otiier  planet.  Wlien  wc  reflet 
on  the  vast  distance  of  the  fixed  stars,  to  whick 
162,000,000  of  miles,  the  diameter  of  the  I':arth'a 
orbit,  is  but  a  point,  we  are  filled  with  amazement  a 
the  immensity  of  their  distance.  But  if  ive  try  ti 
frame  an  idea  of  the  extreme  rapiditj'  with  which  thi 
stars  must  move,  if  they  move  round  die  Earth  ji, 
24  hours,  die  thought  becomes  so  much  too  big  foi 
our  imagination,  thatwe  can  no  more  conceive  it  than 
we  do  infinity  or  eternity.  If  the  Sun  were  to  go  round 
the  Earth  in  24  hours,  he  must  travel  up^vard  ol 
300,000  miles  in  a  minute:  but  Uie  stars  bcingat  leas 
400,000  times  as  far  from  the  Sun  as  the  Sun  isfron 
us,  diose  about  the  equator  must  move  400,000  lima 
as  quick.  And  all  this  to  serve  no  other  pupposi 
than  what  can  be  as  fully  and  much  more  simply  ol 
tained  by  the  Earth's  turning  round  eastward,  as  c 
an  axis,  every  24  hours;  causing  thereby  an  apparo 
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tliumal  motion  of  the  Sun  westward,  and  bringing 
about  the  alternate  returns  of  day  and  night. 

121.  As  to  the  common  objections  against  the?''''*'" 
Earth's  motion  on  its  axis,  tlicy  arc  all  easily  an-  s^amn' 
swercd,  and  set  aside.  'I'hat  it  may  turn  without  be-  s«rtii'trti- 
jng  seen  or  felt  by  us  to  do  so,  has  been  already  ti„„ »«.' 
sliewn,  J  119.  But  some  are  apt  to  imagine  that  ii»«pK<i 
the  Earth  turns  eastward  (as  it  certainly  does,  ii'  it 
turns  at  all)  a  ball  fired  perpendicularly  upward  in  the 
air  must  fall  considerably  westward  of  the  place  it 
was  projected  ii"om.  This  objection,  which  at  first 
seems  to  have  some  weight,  -Hill  be  found  to  ha\'e 
none  at  all,  when  we  consider  that  the  gun  and  bail 
partake  of  the  Earth's  motion  ;  and  therefore  the  ball 
being  carried  forward  with  the  air  as  (juick  as  the 
Karth  and  air  turn,  must  fall  down  on  die  same  place. 
A  stone  let  fall  from  the  top  of  a  main-mast,  if  it 
meet  witii  no  obstacle,  falls  on  the  deck  as  near  the 
foot  of  the  mast  when  the  ship  sails  as  iviien  it  does 
not.  If  an  inverted  bottle  full  of  liquor,  be  hung  up 
to  the  oeiling  of  the  cabin,  and  a  small  hole  be  made 
in  the  cork  to  let  the  liquor  drop  througli  on  the 
floor,  the  drops  will  fall  just  as  far  fonvaid  on  the 
floor  when  the  ship  sails -as  when  it  is  at  rest.  And 
gnats  or  flies  can  as  easily  dance  among  one  another 
u)  ti  moving  cabin,  as  in  a  fixed  chamber.  As  for 
those  scriplure-cxpreasions  which  seem  to  contradict 
the  Eardi's  motion,  the  following  reply  may  be  made 
to  ibem  all :  It  is  plain,  tiom  many  instances,  that 
tlic  Scriptures  were  never  intended  to  instruct  us  in 
philosophy  or  astronomy;  and  therefore,  on  those 
subjects,  expressions  are  not  always  to  be  taken  in 
ihc  Uierul  sense;  but  for  the  most  part  us  accom- 
modated to  the  common  apprehensions  of  mankind. 
Men  of  sense  in  all  ages,  when  not  treating  of  the 
sciences  purposely,  liave  followed  this  method : 
«nd  it  would  be  in  vain  to  foElow  any  other  in  ad- 
dressing nurficlvea  to  the  vulgar,  or  bulk  of  anf 
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community.  Masrs  calls  the  Moon  a  GR£1A^ 
LUMINARY  (as  it  is  in  the  Hebrew)  as  \\eii  L 
the  Sun ;  but  the  Moon  is  known  to  be  an  opaqt|j 
body,  and  the  smallest  that  astronomers  have  obseiT 
ed  in  the  heavens;  and  that  it  shines  upon  us,  nt 
by  any  inherent  light  of  its  own,  but  by  reflectiai 
the  light  of  die  Sun.  Moses  might  know  this;  biL 
had  he  told  the  Israelites  so,  they  would  have  stared  j 
him  ;  and  considered  him  rather  as  a  madman,  t 
as  a  person  commissioned  by  the  Almigirty  to-  k 
their  leader. 

CHAP.  IV. 

Ilie  Phenomena  of  the  Heaifens  as  seen  from  differ* 
Parts  of  the  Earth. 

122  "^^7'^®'^  kept  to  the  Earth's  Mirfoce,  i 
"  '  VV  **"  sides,  by  tlic  power  of  its  Cent 
attraction  ;  whicli  laying  hold  of  all  bodies  accoi 
ing  to  their  densities  or  quantities  of  matter,  wii 
out  regard  to  their  hulks,  constitutes  what^ve  e 
their  weight.  And  huving  tiie  sky  over  our  head 
go  where  we  will,  and  our  feet  toward  the  cent! 
of  the  Earth;  «e  call  it  up  over  our  heads,  ai» 
down  under  our  fcet :  although  the  same  right  lii 
which  is  dmvn  to  us,  if  continued  through  and  in 
yond  the  opposite  side  of  the  Earth,  would  be  tip  t 
the  inhabitants  on  the  opix-it*^  -Tflf.  for,  the  ii 
habitants  n,  i,  e,  m,  s,  i>,  ^■.  I.  sirjiid  wlih  their  fe 
toward  the  Earth's  centre  C;  and  have  ibe  sun 
figiire  of  sky  A*,  /,  E,  M,  S,  O,  Q,  L,  over  thei 
heads.  Therefore,  the  point  S  js  as  directly  upwaj 
to  the  inhabitant  s  on  the  soutli  [lole,  as  A'  is  to  tli 
inhabitant  n  on  the  nortli  pole :  so  is  E  to  tli 
inhabitant  e  supposed  to  be  on  the  north  end  < 
Peru  ;  and  Q  to  the  opposite  inhabitant  q  on  ihc  mi<l 
die  of  the  island  Sumatra.  Each  of  these  observer 
is  surprised  that  his  opposite  or  antipode  can  stan 
with  liis  head  hanging  downnTird.    But  let  eithe 
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go  to  the  other,  and  he  will  tell  him  that  he  stood  as 
upright  and  lirni  on  the  pljce  where  he  was,  as  he 
now  ^tuiicU  where  he  is.  To  ull  these  observers,  the 
Sun,  Moon,  ami  stars,  seem  to  turn  round  the 
paints  A'  and  S,  as  tile  poles  of  the  fixed  axis  A'CS; 
because  the  iianh  doc-s  really  turn  round  themathe- 
nuiical  line  «  C  s  ys  round  au  uxis  ol"  which  n  is  the 
north  |K)le,  and  s  the  sou'tli  pole.  The  inhabitant  V 
(Fig.  II,)  attirms  that  he  is  on  the  uppermost  side  oi" 
the  ti^rth,  and  wontlers  how  another  at /.Ciin  sUiiidat 
die  undermost  side,  with  his  head  hanging  down- 
wards. iJut  L/'yn  the  mean  lime  iorgets,  that  in  twelve 
hours  lime  he  will  be  carried  half  round  with  ilie 
liiinh,  and  ihen  be  in  the  very  situation  that  1,  now 
is;  although  as  tar  from  him  as  before;  and  yet,  when 
£/ comes  diere,  he  will  lind  no  difiercnce  as  to  his 
manner  of  .sundin^;  only  he  will  see  ihe  opposite 
hair  of  tlie  he^iveiis,  and  imagine  the  bcuvciis  to  have 
gone  halt'  round  the  J:.artli. 

123.  When  we  see  a  globe  himg  up  in  a  rrwm,  u 
we  cannot  help  imagiiiin^  i(  to  have  an  upper  and  an  E 
under  side,  and  immediately  form  a  like  idea  of  thi.  ||! 
Earth;  from  whence  we  conclude,  that  it  is  as  ini.  u 
possible  for  people  to  stand  on  the  under  side  of  the  "' 
Kurth,  as  for  pebbles  to  lie  on  the  urider  side  of  a  bi 
common  globe,  wliich  instandy  fall  down  from  it  to 
llie  ground ;  and  well  ihey  may,  because  the  atiniCTion 
of  the  Earth  being  greater  than  the  attraction  of  the 
globe,  pulls  them  away.     Just  so  would  it  be  with 
our  liarth,  if  it  were  iixcd  near  a  glotw  much  big- 
ger Uian  itself,  such  as  Jupiter:  for  then,  it  would 
really  have  un  upper  and  an  under  side  vtith  respect 
to  that  large  globe-;  which,  by  its  altraciion,  wtjuld 
pull  away  ever)'  thing  from  the  side  of  the  Earth  next 
to  it;  and  only  those  bodies  on  its  surface,  at  the  op- 
posite side,  could  remain  upon  it.    But  there  is  no 
liirger  globe  near  enough  our  tlarth  to  overcome  its 
M 
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pi<u€  11.  cerilral  atlraclion;  and  iherelbre  it  has  no  such  thii^ 
as  (in  upper  and  an  uiidtT  side ;  for  all  bodif  s  on  or 
near  Us  surface,  even  lo  the  Moon,  gravitate  tuward 
its  cf  Hire. 

124.  Let  any  man  imagine  the  Earth,  and  eveiy 
thing  bill  hiinsilf,  to  be  taken  away,  and  he  left  alone 
in  the  midst  of  indefmitc  space  ;  he  could  then  have 
no  idea  of  up  or  dowtt ;  ;uid  were  Ins  jjockcts  full  of 
gold,  he  might  take  liie  pieces  one  bj  one,  and  throw 
[lieni  awny  on  all  sides  of  him,  withom  any  danger 
of  losing  them  ;  for  the  attraction  of  his  Ixxiy  would 
brinji  them  all  back  by  the  ways  they  went,  and  fu 
would  be  down  to  every  one  of  them.  But  then,  tf 
a  sun,  or  any  other  large  body,  were  created  and 
placed  in  any  port  of  space,  several  millions  of  tniles 
from  him,  he  would  be  attracted  toward  it,  and  could 
not  save  himself  from  falling  dmint  to  it. 

Pie- 1  125.  The  Earth's  bulk  is  but  a  point,  as  tliat  at 

C,  compared  to  the  heavens;  and  therefore  every 

inhabitant  upon  it,  let  him  he  where  he  will,  asal 

M,  f,  m,  s,  &c.  sees  half  of  the  heavens.    The  inhi- 

biiant  n,  on  tlie  north  pole  of  the  J'lartli,  constantly 

sees  the  hemisphere  H  A'  Q ;  and  hating  tlie  norto 

pole  A"  of  the  heavens  just  over  his  head,  his  hori. 

zoii  coincides  witU  the  cclestiiil  equator  H  C  (j^ 

liaifdf     Therefore  all  the  stars  in  the  nnrdiem  hemisphe    " 

^ni'viti    ^  -^  Q-  between  the  etjuator  and  north  pole.  ap[>e 

bktoan    to  turn  round  the  liiic  A' C,  moving  parallel  tot] 

mhabif unt  horizon.     The  equatorial  stars  keep  in  ihe  horizoi 

parto'rthefi"'!  "H  those  in  the  southcni  hemisphere  £ SQ  t 

Eiirtk      invisible.   The  like  phenomena  are  seen  by  the  i 

server  s  on  ihe  south  pole,  with  respect  to  the  hei 

Sphere  £  S  Q;  and  lo  him  the  opposite  heniisj " 

is  always  invisible.     Hence,  under  either  pole, 
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tfttfof  the  heavens  is  seen;  for  those  pai-ts  which 

B  Dnce  visible  never  strt,  and  those  which  are  once 
invitiible  never  rise.  But  the  ecliptic  I"  C  X,  or  or- 
bit which  the  Sun  appears  to  dtt^crtbc  once  a  ycai' 
by  tlic  Karth's  aiuiuul  mouon,  h»s  the  halt'  i'C  con- 
stantly above  the  hoilzon  E  C  Qof  ilic  nyith  pole 
m;  and  the  other  half  C  Jl  always beiovv  it.  There-  Piieno. 
fore  while  the  Sun  describes  llic  northern  hull'  }'  C 
of  the  ecliptic,  he  iieither  sets  to  the  norlli  pule,  nor 
rises  to  the  south ;  and  ivhiie  he  describes  the  sou- 
thern hair  C  X,  lie  neither  stis  to  tlie  south  pole, 
nor  rises  to  ihe  north.  Thf  same  things  are  true 
with  respect  to  the  Moon;  only  with  this  difTcrencc, 
thai  as  the  Sun  describes  the  ecliptic  bui  oiice  a  year, 
he  is  for  half  that  time  visible  to  each  pok-  in  its  turn, 
and  as  long  invisible;  but  as  the  Muoii  goes  rouTid 
the  ecliptic  in  27  days  8  huur^,  nhe  is  only  visible  for 
13  days  16  hours,  und  as  long  invisible  to  each  pole 
by  turns.  All  the  planets  likeH-ise  rise  and  set  to  the 
[loles,  because  tlicir  orbits  are  cut  obliquely  in  halves 
iiy  die  horizon  of  tJie  pules.  VV lun  the  Siui  (in  his 
»pparcnt  way  from  X)  arrives  at  C,  which  is  on  tlie 
20th  of  Ma/rAy  he  is  just  rising  to  an  observer  at  m, 
on  the  north  pole,  and  setting  to  another  at  s,  on  the 
south  pole,  from  C  he  risis  higher  and  higher  in 
every  apparent  druni:il  re%-oliiiion,  liil  he  comes  to 
the  highest  point  of  the  ecliptic  y,  on  the  21st  of 
June;  when  he  is  at  his  j^rcatesl  altitude,  which  is 
23J  degrees,  or  tiie  ;irc  £  y,  equal  to  his  greatest 
north  deeliniUion ;  and  from  tkeiioe  he  seems  to  dc- 
sc«)d  gradually  in  eveiy  apparent  circumvolution, 
till  he  sets  ;it  C  on  the  2Jd  of  ScfitcinUr;  and  then 
he  goes  Vi  exhibit  the  like  a|>pe:ir<mces  at  the  south 
Ijolc  iw  Uic  other  half  of  the  year.  Hence  llie  Sun's 
apiment  motion  iouikI  the  Kartli  is  not  in  parallel 
circles,  but  in  apinils ;  stich  as  might  be  represented 
by  a  thread  wound  round  a  globe  itom  tropic  10  tro- 
iht:  «[MnU  iicing  at  Home  di^uuice  from  one  an- 
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piaic  ji.   olher  about  the  equator,  and  gradually  nearer  to  eai) 

otlicr  as  they  appruucli  toward  the  tropics. 
pheno-  ^^^'  "^  *^^  obser\er  be  any  where  on  the  terrefl 
mciia  Kt  trial  equator  e  C  q,  as  bup[)Obc  at  e,  he  is  iii  the  pkui 
tbcequa>  qJ-  [[,£  celestial  equator;  or  under  the  trqutnocti 
£  C  Q:  and  the  axis  ot  the  l!^rth  rt  C'jt  is  coiac 
_.  .  dent  uiih  the  plane  of  his  horizon,  exitiided  out! 
jVantl  iS',  the  north  and  south  poles  oi  the  hcaveni 
As  the  Karth  turns  round  the  hut  jVC  S,  the  wh«i| 
heavens  M  O  LI setni  to  lurn  round  the  same  Umh 
but  the  contrarv  way.  It  is  plain  that  this  observe 
ha:^  the  celestial  poles  consianll)  in  hib  horizon,  an 
tliat  liis  horizon  cut^  the  diuriml  patlis  ol'  all  the  cC 
lestial  bodies  ijerpendicularly,  and  in  hahcs.  'I"h«rr< 
lore  the  bun,  planets,  and  stars,  risecverj  day,  aa 
cend  [KTpendicularly  above  the  horizon  tor  six  hour 
and,  passing  over  the  meridian,  descend  in  the  saw 
manner  lor  the  six  loUouing  hours ;  then  set  in  itf 
horizon,  and  continue  uvelve  hours  belov\  it.  CoH 
sequenlly  at  the  equator  the  days  and  tiiglits 
equally  long  throuf>hout  the  year.  When  the  obscQ 
ver  is  in  the  situaiion  e,  he  sees  the  hcmisphei 
i?£  A*,  but  in  twelve  hours  after,  he  is  carried  Ih 
round  the  Karih's  axis  to  y,  and  ihcn  the  hemispha 
.S'Q  A" becomes  visible  to  him,  and  6'£^A'dis;ip 
pears.  Thus  we  find,  that  lo  an  obsiTver  at  either  c 
tlie  poles,  one  half  ol"  tlic  sky  is  aluays  visible,  atV 
the  olher  halt'  never  seen ;  but  to  an  observer  on  th 
cquiiior  the  whole  sk.y  is  seen  every  24  hours. 

'I'hc  figure  here  referred  to,  represents  a  ccka 
tial  RJobe  of  glass,  having  a  terrestrial  globe  withi 
it :  aiier  ilie  manner  of  the  glass  sphere  invented  b 
my  gerxrous  friend  Dr.  Long,  Lcrwndcs's  Profa 
sor  of  Astronooiy  in  Cambridge. 
Remipk.  127-  li'  0  globe  l>e  held  sidewise  to  the  eye,  i 
some  distance,  and  so  that  neither  of  iis  poles  c 
be  seen,  the  equator  7i' C  Q,  and  all  circles  panill 
to  it,  as  D  L,  y  z  .r,  a  (/  A',  M  O,  &.c.  will  ajjpcar  lo  1 
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stmiglit  lines,  as  projected  in  this  fi^iirc  ;  which  is 
requisiw  lo  be  nit-ntionecl  hcrer,  bt-cause  ue  sliall 
liave  ocoision  to  cull  them  circk-s  in  the  following 
articles  of  this  cliapui*. 

128.  Let  us  now  suppose  that  the  obseirer  has 
gone  from  the  equator  e  toward  the  north  pole  «, 
and  that  he  stops  at  ».  from  which  place  he  then 
sees  the  hemisphere  MKlNL ;  his  horizon  Mt'L 
having  shifted  as  many  decrees  f'TOm  the  celestial 
poles  A' and  S,  as  he  has  tnivelled  fnim  under  the 
equinoctial  E.  AnA  as  the  heavens  seem  constantly 
to  turn  round  the  line  JVC'S  as  an  :ixis.  all  those  stars 
^vhich  air  not  as  many  degrees  irom  the  north  pole 
A"as  tlic  obsiTver  is  from  ihc  equinocti;it,  namely, 
the  stars  north  of  ihc  doitid  paraliil  Z>i,  never  set 
below  iIk'  horizon ;  and  tliose  which  arc  south  of  the 
dotted  parallel  AIO  ne^er  rise  above  it.  Hence  the 
former  ol  these  two  parallel  circles  is  called  the  cir- 
cle of  perpetual  apparu'ion,  and  the  latter  the  circle 
of  perpetual  occult  at  tan :  but  all  the  stars  tjclween 
tliesc  two  cii'cles  ri.se  and  set  every  day.  Let  us  im- 
apne  many  circles  to  be  diaun  between  these  t%vo, 
and  parallel  to  ihem  ;  those  which  .nrc  on  the  north 
side  of  the  eouinoctial  will  be  unequally  cut  by  the 
horizon  MCL,  ha\ing  laif^er  poilions  above  the  Iw- 
rizon  than  below  it :  jind  the  more  so,  as  tliey  are 
nearer  to  the  circle  oi  jK-rpctual  api^arition  ;  but  the 
rcxxrsc  happens  to  those  on  the  south  side  of  the 
cquinoctiiil  while  the  equinoctial  is  dividid  in  two 
equal  parts  by  the  horizon.  Hence,  by  the  apparent 
turning  of  the  heavens,  the  northern  stars  descrilw 
greater  arcs  or  portions  of  circles  above  the  horizon 
than  below  it;  and  the  greater,  as  they  are  farther 
from  the  equinoctial  toward  the  circle  of  perpetual 
ajiparition ;  \i  hile  the  conimry  happens  to  all  stars 

•  The  plane  of  a  drf  Ir,  nr  a  lliin  eim'lnr  pUte,  being  Wniwl 
cd»;tkiac  toUiBC):^  avv^ritnbcB  ttnight  Une. 
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south  of  the  equinoctial ;  but  those  upon  it  desa 
equal  arcs  both  above  and  below  the  horizon^  ; 
ihcrt-fore  they  are  jusl  as  long  above  it  as  below  il^ 

129.  An  observer  on  the  equator  lias  no  circle 
perpetual  apparition  or  occultaiion,  because  all  I 
stars,  togetlier  with  the  Sun  and  Moon,  rise  and  i 
to  him  every  day.     But,  as  a  bare  view  of  the| 
gure  is  sufficient  to  sIkw  that  these  two  circles  j 
and  AfO  arc  just  as  far  trom  the  poles  A*  and  S  as 
observer  at  /  (or  one  opposite  him  at  o,)  is  from  tfl 
equator  ECQ;  it  is  plain,  that  if  an  observer  begT 
to  travel  from  the  equator  toward  either  pole,  hisc 
cle  of  perjictual  apparition  rises  from   that   pole  I 
from  a  point,  and  his  circle  of  [icrpetual  orTultatifl 
li'om  the  other.     As  the  observer  advances  towaf 
the  nearer  pole,  these  two  circles  enlarge  their  dian 
ters,  and  come  nearer  to  one  another,  until  he  com 
to  the  pole;  and  then  they  meet  and  coincide  in  I 
equinoctial.     On  different  sides  of  the  equator,! 
obser\Trs  at  equiil  distmces  from  it,  the  circle  of  pi 
petual  apparition  to  one  is  the  circle  of  perpetual  ( 
cullation  to  t)ie  other. 

130,  Because  the  stars  never  vary  their  distaiK 
from  the  equinoctiaU  so  as  to  be  sensible  in  an  ut 

'c  the  lengths  of  their  diurnal  and  nocturnal  arcs  are  1 
r-  ivays  the  same  to  the  same  places  on  die  Earth.  F' 
as  the  Earth  goes  round  ihe  Sun  every  year  in  i 
ecliptic,  one  half  df  which  is  on  the  north  side! 
^'  the  equinoctial,  and  the  other  half  on  its  south  sio 
the  Sun  apjJears  to  change  his  place  every  day  ;  ■f 
as  to  go  once  round  the  circle   YCX  every  yd 
I)  114.   Therefore  while  the  Sun  appears  to  advanl 
nordiward,  from  having  described  the  parallel  a  Al 
touching  (he  ecliptic  in   X,  the   davs  continunjl 
lengthen  and  the  nights  shorten,  until  he  comes  toa 
and  describes  Uie  parallel  //  z  .r .-  when  the  days  a 
at  the  longest  and  the  nights  at  tlic  shortest:  for  (h 


from  differ erU  Parts  of  the  Earth.  9S 

as  the  Sun  goes  no  farther  northward,  the  greatest  p^<xu  il 
portion  that  is  possible  of  the  diurnal  arc  y  z  is  above 
the  horizon  of  the  inhabitant  i ;  and  the  smallest  por- 
tion z  X  below  it.  As  the  Sun  declines  southward 
from  y,  he  describes  smaller  diurnal  and  greater  noc- 
turnal arcs  or  portions  of  circles  every  day ;  which 
causes  the  days  to  shorten  and  the  nights  to  length- 
en,  until  he  arrives  again  at  the  parallel  a  b  X;  which 
having  only  the  small  part  a  b  above  the  horizon 
M  C  i,  and  the  great  part  b  X  below  it,  the  days 
are  at  the  shortest  and  the  nights  at  the  longest :  be- 
cause the  Sun  recedes  no  farther  south,  but  returns 
northward  as  before.  It  is  easy  to  see  that  the  Sun 
must  be  in  the  equinoctial  E  C  Q  twice  every  year, 
and  then  the  days  and  nights  are  equally  long ;  that 
is,  12  hours  each.  These  hints  serve  at  present  to 
give  an  idea  of  some  of  the  appearances  resulting 
from  the  motions  of  the  Earth :  which  will  be  more 
particularly  described  in  the  tenth  chapter. 

131.  To  an  observer  at  either  pole,  the  horizon  pig-,  i. 
and  equinoctial  are  coincident ;  and  the. Sun  and  stars  P^r^iei, 
seem  to  move  parallel  to  the  horizon :  therefore  such  and  nrht 
an  observer  is  said  to  have  a  parallel  position  of  the  spheres, 
sphere.     To  an  observer  any  where  between  either  ^'^'* 
pole  and  equator,  the  parallels  described  by  the  Sun 
and  stars  are  cut  obliquely  by  the  horizon,  and  there- 
fore he  b  said  to  have  an  oblique  posiuon  of  the 
mhere.     To  an  observer  any  where  on  the  equator 
the  parallels  of  motion,  described  by  the  Sun  and 
stars,  are  cut  perpendicularly,  or  at  right  angles,  by 
the  horizon ;  and  therefore  he  is  said  to  have  a  right 
position  of  the  sphere.     And  these  three  are  all  the 
difierent  ways  that  the  sphere  can  be  posited  to  tlie 
inhabitants  of  the  £arth» 


The  Phatomena  of  tht  f&twens  as  seat 

CHAP.  V. 

T/ic  P/ietiomeiia  qf  the  lltaveus  as  seenjrom  ttiffti 
I'eiit  Farts  of'  the  Solar  System. 


.,,.,    C^  vastly  great  Is  ihe  distance  of  the 

~  1^  lie;iveiis,  tJi;it  ii  vitwtd  Irom  any  part 
the  tiuuir  sybti:m,  or  evtu  many  milliuns  ol'  mile 
beyond  it,  ilie  appearance  uoiild  be  the  ^erj'  \ 
as  it  is  to  us,  The  Sun  and  start,  would  all  siTm  tt 
be  fixed  on  one  concave  surliice,  of  «iiich  the  spec 
tator's  eye  would  be  the  ceuire.  But  tlif  planet! 
being  mucli  nearer  thun  the  sUus,  their  appeanina 
will  vary  coniiiderably  ividi  the  pbce  Iroin  witic 
they  are  \'iew'ed. 
,  133.  It'llie  spectator  be  at  rest  without  the  orbit 
of  the  planets,  they  will  seem  to  be  al  the  same  dii 
tance  as  the  stars;  but  coniinuiilly  changing;  thd 
places  with  respect  to  the  stars,  ami  lo  one  ;inother 
assuming  v;trious  pliasts  of  increase  and  decreas 
like  the  Moon ;  and,  notwiihsiamling  tlieir  reguli 
motions  about  the  Sun,  nill  hometimes  appear  I 
move  quicker,  sometimes  slower,  be  as  often  to  th 
west  as  to  the  east  of  the  Sun,  and  at  their  grciiici 
distances  seem  quite  stationary.  The  duration,  cjr 
tent,  and  distance,  of  those  |>oints  in  the  heave 
where  dicsc  dif^ressions  begin  and  end,  uould  t 
more  or  less,  according  to  the  respec<i%'e  distance 
of  the  se^'eral  planets  from  the  Sun  :  but  in  th<  j 
planet,  they  would  continue  invariaiily  die  same 
all  times ; — like  pendulums  of  unequal  lengths  oscil 
lating  together,  the  shorter  would  movt  (juiek.audg 
over  a  small  space ;  the  longer  viould  move  slow,  ant 
go  over  a  largt  space.  If  the  observer  be  al  rest  H-iih 
in  the  orbits  of  Uie  planets,  but  notneir  ihecommoi 
centre,their  apiiarcnl  motions  will  Ixr  irregular;  but  Icsl 
so  than  in  the  former  case.  Each  of  the  se\'eral  planet 
will  appear  lartjer  and  less  by  turns,  as  tiiey  approach 
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nearer  to,  or  recede  farther  from,  the  observer ;  the 
nearest  varying  most  in  their  size.  They  will  also 
move  quicker  or  slower  witli  regard  to  the  fixed  stars, 
but  will  never  be  either  retrograde  or  stationary. 

134.  If  ail  observer  in  motion  view  the  heavens, 
(he  same  apparent  irregularities  wijl  be  observed, 
but  with  some  variation  resuhing  from  his  ohti  mo- 
tion. If  he  be  on  a  planet  which  has  a  rotation  on 
its  axis,  not  being  sensible  of  his  own  motion,  he. 
win  imijgiiic  the  whole  heavens,  Sun,  planets,  and 
stars,  to  revolve  about  him  in  the  same  time  that  his 
planet  turns  round,  but  the  contrary  way;  and  will 
not  be  easily  convinced  of  the  deception.  If  his  pla- 
net move  round  the  Sun,  the  same  irregularities 
and  aspects  as  above  mentioned  ^vill  appear  in  the 
motions  of  the  other  planets;  and  the  Sun  will  seem 
to  move  among  the  fixed  stars  or  signs,  in  an  oppo- 
site direction  to  that  in  which  his  planet  moves, 
changing  its  place  every  day  as  he  does.  In  a  word, 
whether  our  observer  be  in  motion  or  at  rest,  whe- 
ther within  or  without  the  orbits  of  the  planets,  their 
motions  will  seem  irregular,  intricate,  and  perplex- 
ed, unless  he  be  placed  in  the  centre  of  the  system  ; 
and  from  thence,  the  most  beautiful  order  and  liar- 
mony  will  be  seen  by  him. 

135.  The  Sun  being  the  centre  of  all  the  planets' The  Sun':, 
motions,  the  only  place  from  which  their  motions  ^^['''p?!;? 
could  be  truly  seen,  is  the  Sun's  centre ;  where  Uie  from 


and  seemingly  equidistant  from  him.  To  such  an  n, 
observer,  the  planets  would  appear  to  move  among  >» 
the  fixed  stars ;  in  a  simple,  regular,  and  uniform 
manner:  only,  that  as  in  equal  times  they  describe 
equal  areas,  Uiey  would  describe  spaces  somewhat 
unequal,  because  tliey  niove  in  elliptic  orbits,  'i  155. 
Their  motions  would  also  appear  to  be  what  they 
nrc  in  fact,  the  same  way  round  the  heaven?;  in 
N 
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paths  which  cross  at  small  angles  in  different 
uf  die  heavens,  and  then  se|JuriUe  a  little  from  one 
another,  1  20.     So   that,    if  the  solur  astronomer 
should  make  the  path  or  orbit  of  any  planet  a  stand- 
ard, and  consider  it  as  having  no  obliquity,  ^  201| 
he  would  judge  the  paths  of  all  the  resi  to  be  inclim 
to  it  i  each  planet  having  one  half  of  its  path  on  ( 
bide,  and  the  otlitr  halt"  on  tlte  opposite  side  of  l 
standard -piith  or  orbit.     And  if  ht-  sliould  evers 
all  the  planets  start  Irom  a  conjunction  ivith  i 
other*,  Mercury  would  move  so  much  faster   thi 
V(jnu5,  as  10  overtake  her  iigain  (though  not  in  t 
same  point  of  the  heavens)  in  a  space  oi'  lime  aboi 
equal  to  145  of  our  days  and  nights,  or,  as  wecoiM 
monly  call  them,  natural  days,  which  include  bodi 
the  days  and  nights  i  Venus  would  move  so  much 
faster  than  the  Earth,  as  to  overtake  it  again  in  585 
natural  days :  the  F>arth  so  much  faster  than  Mars, 
as  to  overtake  him  again  in  778  such  days :  Mars  so 
much  faster  than  Jupiter,  as  to  overtake  him  agi  ' 
in  8 1 7  such  day  s :  and  J  iipitcr  so  much  faster  u. 
Saturn,  as  to  overtake  him  again  in  7236  days, 
of  our  lime. 
^''^t^lilat      ^^^'  ^^^  ^  °"'"  '^°'^''  astronomer  could  have  i 
asniar  m- idea  of  measuring  tlic  courses  of  the  planets  by  < 
ttonomer  days,  he  would  probably  take  the  period  of  Ma 
probably   cury,   which  is  the  quickest- moving  planet,  fori 
make  con-  measure  to  compare  the  periods  of  tiie  others  wifl* 

Jh™dis^     As  alt  the  stars  would  appear  quiescent  to  him,  a 

unces  and  would  never  think  that  tlicy  had  any  depeiulanoe 
tuJ^'of  "P*^"  *'^^  ^"" '  ^"*  would  naturally  imagine  that 
tbcpin-  the  planets  have,  because  they  move  round  the 
neu.        Sun.    And  it  is  by  no  means  improbable,  ilurt  t 


*  Here  we  dn  not  mean  such  a  conjunetinn,  a»  Owl  the  n 

planet  should  liiilc  ull  the   Ra'  from  the  olMervcr'i  sight ;  ffor  i 
wnuUI  be  inipiisiul>1r,  unless  the  intersectiotii  of  all  tli<;ir  artnCs  v 
craircident,  which  tliey  are  noi.  See  $  21.)  but  when  they  w 
in  &  biie  cro3!Uiig  the  staodard-uruu  U  ri^  aiis>ea. 
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would  conclude  those  planets,  %vhosc  periods  are 
quickest,  to  move  in  orbits  proportionnbly  Itss  than 
those  do  R'hich  make  slower  circuits.  But  being 
destitute  of  a  method  for  finding  their  pai-allaxes,  or, 
more  properly  s|)eaking,  as  tbcy  would  have  no  pa- 
rallax  lo  him,  he  could  never  know  any  thing  of 
their  real  distances  or  magnitudes.  Their  rebtive 
distanccti  he  might  perhaps  guess  at  by  tlieir  periods, 
and  from  thence  infer  something  of  trutli  concerning 
llieir  relative  magnitudes,  by  comparing  their  appa* 
rait  magnitudes  with  one  iinothcr.  For  example, 
Jupiter  appearing  larger  to  him  than  Mars,  he  would 
conclude  it  to  be  so  in  fact ;  and  dial  it  must  be  far- 
ther li-om  him,  on  account  of  its  longer  period. 
Mercury  and  tlie  Earth  would  appear  to  be  nearly 
of  tlic  same  magnitude ;  but  by  comparing  the  pe- 
riod  of  Mercury  with  that  of  the  Earth,  he  would 
conclude  that  the  Earth  is  m,uc1i  Luther  from  him 
djan  Mcrcurj-,  and  consequentiy  that  it  must  be 
really  larger  though  apparently  of  the  same  magni- 
tude ;  and  so  of  the  rest.  And  as  each  planet  would 
appear  somewhat  larger  in  one  part  of  its  orbit  thaa 
in  the  oppwsitc,  and  to  move  quickest  when  it  secrnS' 
largest,  the  obsen-er  would  be  at  no  loss  to  con- 
clude that  all  die  planets  move  in  orbits,  of  which 
the  Sun  is  not  precisely  the  centre. 

137.  The  apparent  magnitudes  of  the  planets  The  pia- 
continually  change  as  seen  from  the  Earth,  which  |^'„"^^^J" 
dcmotistrutcs  dial  they  approach  nearer  to  it,  andi"Tpii»r 
recede  farther  from  it  by  turns.     From  these  plie-  ^Jj^'^,^ 
nomeiia,   and  their  apparent    motions  among  thcEmii. 
stars,  they  sctm  to  describe  looped  curves,  which 
never  retuni  into  themselves, — Venns's  path  ex- 
cepted.* And  if  we  were  to  trace  out  all  their  ap- 
parent paths,  and  put  the  figures  of  ihem  together 
in  one  diagram,  tlicy  would  appear  so  anomalous 
and  confused,  that  no  man  in  his  senses  could  be- 
lieve them  to  be  representations  of  their  real  paths; 
but  would  immediately  conclude,  tliat  such  appa. 
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rent  irregularilies  must  t>e  owing  to  some  optic  illu- 
sions. And  after  a  guud  deal  of  enquiry,  he  might 
perhaps  be  at  a  loss  to  fird  out  the  true  causes  of 
these  irregularities;  especially  if  he  were  one  of 
those  who  would  rather,  with  the  greatest  jfisticc* 
charge  frail  man  with  ignorance,  than  the  Almighty 
with  being  the  author  of  such  confusion. 

138.  Dr.  Long,  in  his  first  volume  of  .^.(/ronoMiy, 
has  given  us  figures  of  the  apparent  paths  of  all  the 
planets,  separately  from  Cassini;  and  on  seeing 
them  I  first  thought  of  attempling  to  trace  some  of 
them  by  a  machine*  that  shews  the  motions  of  thu 
Sun,  Mercury,  and  Venus,  the  Earth,  and  Moon, 
according  to  the  Copermvan  System.  Having  takes 
off  the  Sun,  Mercury,  and  Venus,  I  put  black-lead 
pencils  in  their  places,  with  the  points  turned  up- 
ward ;  and  fijLcd  a  circular  sheet  of  paste-board  so^. 
that  the  Earth  kept  constantly  under  its  centre  itt 
going  round  the  bun;  and  the  paste-board  kept  its 
parallelism.  Then,  pressing  gently  with  one  liand 
upon  the  paste-board,  to  make  it  touch  the  three' 
pencils;  with  the  otlier  hand  I  turned  the  winch  that) 
moves  the  whole  machinery  :  and  as  the  £arth/ 
together  with  the  pencils  in  the  places  of  Mcrcurjp 
and  Venus,  liad  their  proper  motions  round  thQl 
Sun's  pencil,  which  kept  at  rest  in  the  centre  ol 
tJje  machine,  all  the  three  pencils  described  ;i  dia. 
gram,  from  which  the  lirst  iigure  of  the  third  plaU 
is  truly  copied  in  a  smaller  size.  As  the  Karth 
moved  round  the  Sun,  the  Sun's  pencil  dcscri! 
the  <lotled  circle  of  months,  ivhilst  Mercurj's  ijcn- 
eil  drew  the  cun-e  with  the  greatest  number  tA 
loops,  and  Venus's  that  with  the  fewest.  In  thcii 
inferior  conjunctions  they  come  as  much  nearer  U 
ihe  liartli,  or  witiiin  the  circle  of  the  Sun*s  apptu 
rent  motion  lound  the  heavens,  as  they  go  beyond 
it  in  ihcir  superior  conjunctions.  On  each  side  oC 
the  loops  Uiey  appear  stationarj' ;   in  that  part  oE 
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each  loop  next  ihe  Earih,  retrograde;  and  iii  ull  the^^*"*  ■'^J- 
I'est  of  their  paths,  direct. 

If  Cassinj's  figures  o[  the  pfttiis  of  llie  Sun,  Mcr- 
cury,  and  Vt-nus,  were  put  togt-iher,  the  figure,  as 
above  traced  oiji,  would  bt  txuctly  like  them.  It 
represerrts  the  Sun's  ap})areiii  nioiion  round  the  eclip- 
tic, which  is  the  same  every  jfsr;  Mercury's  mo- 
tiwi  for  sevfii  ycarb;  and  Venus's  for  eight;  in  whicli 
time  Mercury's  padi  makes  23  loops,  crossing  itself 
so  many  times,  and  Venus's  only  five.  In  <ight 
years  Venus  falls  so  nearly  into  the  same  apparejit 
path  ag:iin,  as  to  deviate  verj'  little  from  it  in  some 
ages;  but  in  what  number  of  years  Mcrcurj- andthe 
rest  of  the  planets  would  describe  the  same  visible 
paths  over  again,  J  c&nnol  at  present  determine. 
Havmg  finishtd-^ihe  above  figure  of  the  paths  of 
Mercurj-  and  Vemis,  1  put  the  ecliptic  round  them 
as  in  the  doctor's  book  ;  and  added  the  dotted  lines 
from  the  Earth  to  the  ccli])tic,  for  sliewliig  Mercn. 
ry's  apparent  or  geocentric  motion  tlieicin  for  one 
year ;  in  which  time  his  path  makes  three  loops,  and 
goes  on  a  little  farther. — This  shcn  s  th;it  he  has  three 
inferior,  and  as  many  superior  conjunctions  with  the 
Sun  in  that  time;  and  also  that  he  is  six  times  sta- 
tionary, and  thrice  retrograde.  Let  us  now  trace 
his  motion  for  one  year  in  the  figure. 

Suppose  Mercury  to  be  setting  nut  from  ji  to- 
ward Ji  (between  the  Earth  and  lelUhand  corner 
of  the  plate)  and  as  seen  from  the  Earth,  his  mo.  Fig.  i 
lion  will  then  be  direct,  or  according  to  the  order  tf 
the  signs.  But  when  he  comes  to  B,  he  appears 
to  stand  still  in  the  23d  degree  of  iil  at  F.  as  shewn 
by  the  line  U  F.  W'liile  he  goes  from  JV  to  C,  the 
line  B  F,  supposed  to  move  with  him,  goes  back- 
ward from  F  lo  J£,  or  contrary  to  the  order  of 
signs  :  and  when  he  is  at  C,  he  appears  stationary 
at  -£' ;  Iiaving  gone  back  1 11  degrees.  Now,  sup- 
jxise  him  stationary  on  the  first  of  January  at  C\  on 
the  tciilb  of  that  month  he  will  apiiear  in  the  hec'i\  ens 
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as  at  20,  near  F;  on  the  20th  he  will  be  seen  as 
G:  on  the  31sl  at//,-  on  the  10th  ol  Febnmnj  at  Pi 
on  the  20th  at  K;  and  on  the  28th  ai  i ;  as  tli 
dotted  lines  shew,  which  are  drawn  througli  ever 
tenth  days'  motion  in  his  looped  path,  and 
ijnued  lo  the  ecliptic.  On  the  iOlh  oi"  March  \ 
appears  at  M:  on  the  20th  at  A';  and  on  the  31: 
at  O.  On  the  tenth  of  April  he  appears  stationar 
at  P :  on  the  2Uth  he  stems  to  ha^e  gone  h«c 
again  to  O ;  and  on  the  30th  he  appears  stationar)-  a 
Q,  having  gone  back  1 1^  degrees-  Thus  Mercur 
seems  to  go  forw  ard  4  signs  1 1  degrees,  or  fO  1  d« 
grees;  and  to  go  back  only  H  or  12  degrees,  at ; 
mean  rate.  I'rom  the  30th  of  April  to  the  10th  < 
May-,  he  seems  to  mo\c  i'rom  Q  to  U ;  and  on  tJi 
20tii  lie  ia  seen  at  S^  going  f'ot«ard  in  Ihe  sani 
manner  again,  according  to  the  oider  of  letters  ;  an 
backward  ivhtn  they  go  back;  which  it  is  need 
to  explain  any  farilxr,  as  tlie  reader  can  trace  / 
out  so  easily,  through  the  rest  of  the  year.  Th 
:iamc  appearances  happen  in  \'enus's  motion ;  bti 
as  she  moves  slower  than  Mercury,  thae  arc  long* 
intervals  of  lime  between  tliem. 

Having  already,  \  120,  given  some  account  i 
the  apiiarent  diurnal  motions  of  the  hea\ens  as  se< 
from  the  ditterent  planets,  mc  shall  not  trouble  tfc 
reader  any  more  with  that  subject. 

CHAP.  VI. 

77/e  Ptolemean  System  refuted.     The  Motions  an 
Plmses  of  Alercuri/  and  yams  explained. 

,29    '  I  ■*HJE  Tijchonic  System^  i  97,  being  suffi 
J.    cicniiy  rciuted  in  the  109di  artide,  w> 
shall  say  nothing  more  about  it. 

140.  The  Piolemmn  System,  fr  96,  which  assei 
the  ICarth  to  be  at  rest  in  die  centre  ol"  Uie 
Acrse,  and  all  the  planets  with  the  Sun  and 
to  move  round  it,   is  evidently  false  and  absurd. 
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For  if  lliis  Iiypotheais  were  true,  Mcrcurj-  and  Ve- 
rms coutd  never  be  hid  behind  the  Sum,  as  their  or- 
bits are  included  within  the  Sun's;  and  again,  theiic 
two  planets  would  always  mo^-e  direct,  and  be  as 
often  in  opposition  to  the  Sun  as  in  conjunction  with 
him.  But  the  contrary  of  all  this  is  true :  for  they 
are  just  as  often  behind  the  Sun  as  before  him,  ap- 
pear as  often  to  move  backward  as  forward,  and  aic 
so  far  from  being  seen  at  any  time  in  the  side  of  the 
heavens  opposite  to  the  Sun,  that  they  are  never  seen 
a  quarter  of  a  circle  in  the  heavens  distant  from  hira. 

141.  These  two  planets,  when  viewed  at  different  Appew- 
times  with  a  good  telescope,  appear  in  all  the  various  J;J"'^^ 
shapes  of  the  Moon ;  which  is  a  plain  proof  that  they  and  vc 
are  enlightened  by  the  Sun,  and  shine  not  by  any ""'" 
light  of  their  own;  for  if  they  did,  Uiey  would  con- 
stantly appear  round  as  the  Sun  does ;  and  could 
never  be  seen  like  dark  spots  upon  the  Sun  when 
tliey  pass  directly  between  him  and  us.     Their  re- 
gular phases  demonstrate  them  to  be  spherical  bo- 
dies; as  may  be  shewn  by  the  following  exiwrimcnt : 

Hang  an  ivory  ball  by  a  thread,  and  let  any  per- ^"^P^""'- 
son  move  it  round  the  fl;ime  of  u  candle,  at  two  orpmvcihev 
three  yards  distance  from  your  eye  ;  when  the  ball  »■"=  "■o""'^ 
is  beyond  the  candle,  so  as  to  be  almost  hid  by  the 
flame,  its  enlightened  side  will  be  toward  you,  and 
appear  round  like  the  lull  Moon:  When  the  ball 
is  between  you  and  the  candle,  its  enlightened  side 
will  disappear  as  the  Moon  does  at  the  change : 
When  it  is  half-way  between  these  two  positions,  it 
will  apjicar  half  illuminated,  like  the  Moon  in  her 
quarters :  but  in  every  odicr  place  between  these 
positions,  it  will  api^car  more  or  lesi  horned  or  gib- 
bous. If  iliis  experiment  be  made  with  a  flat  cir- 
cular plate,  you  may  make  it  appear  fully  enlight- 
ened, or  not  enlightened  at  all ;  but  can  never  make 
it  appear  citlier  honied  or  gibbous. 
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Piauir.        142.  If  you  remove  about  six  or  seven  yards  fron 

Eip«ri-     the  candle,  and  place  yourself  so  that  its  tluine  mi 

KpreaCTt  ^^  i"^^  about  tlie  licight  of  your  cje,  and  ihen  c" 

thcniii.    sire  ihe  other  person  to  move  the  bail  slowly  rom 

Mere"™  ^'^'^  candle  as  before,  keeping  it  as  nearly  of  an  eqUI 

anJVt.    height  wilU  the  flame  as  he  posbibly  can,  the  ba 

""*■         will  appear  lo  you  not  to  move  in  a  circle,  but  to  v 

brate  backward  and  forward  like  a  pendulum ;  moi 

ing  quickest  when  it  is  directly  between  you  and  til 

candle,  and  when  dirtctly  beyond  it ;  and  gradual^ 

slower  as  it  goes  larcher  lo  the  right  or  left  side  r^ 

the  flame,  until  it  appears  at  the  greatest  distant 

from  the  flame;  and  then,  though  it  continues  1 

move  with  the  saine  velocity,  il  will  seem  for  a  nu 

meat  to  stand  still.    In  every  revolution  it  will  shq 

all  the  above  phases,  )   141;  and  if  two  bulls, 

smaller  and  a  greater,  be  moved  in  this  manner  ruuQ 

the  candle,  the  smaller  ball  beng  kept  nearest  ti 

flame,  and  carried  round  almost  three  times  as  oft( 

as  llie  greater,  you  will  have  a  tolerable  good  rcpl 

sentation  of  the  appaient  motions  of  Mercury   a 

Venus;  especially  if  the  greater  ball  describe  a  cil 

de  almost  twice  as  large  iii  diameter  as  that  descrit 

ed  by  the  lesser. 

T'g-  "I-        143.  Let  AJi  CDE  be  a  part  or  segment  of  di 

visible  heavens,  in  which  the  ^un,  Moon,  planeb 

i'  ^     I '     and  stars,  appear  to  move  at  the  same  distance  froi 

the  Earth  E.     For  there  are  certain  limits,  beyon 

which  the  eye  cannot  judge  of  difierent  distanccsj 

as  is  plain  from  the  Moon's  appearing  to  be  as  Gi 

from   us  as  the  Sun  and  stars  arc      Let  ihe  cic 

deyg' hik Imno  be  tlK-  orbit  in  which  Mercury  i 

moves  round  the  Sun  S,   according  to  the  ordc 

of  the  letters.     When   Mercury  is  axf,  he  diKii^ 

pears  to  the  Earth  at  E,  because  his  enlighten^ji 

"^  '''""■  side  is  turned  from  it^  unless  he  be  then  in  one  o 

digi^.-'"^ his  nodes,  4  20,  25;  in  which  case  he  will  appear. 

iions  ur    like  a  dark  spot  upon  the  Sun.     When  he  is  atg- 

iromhT  '"  I'is  orbit,  he  appears  at  B  in  the  heavens,  weals 
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F  the  Sun  S,  which  is  seen  ai  C-  when  al  A,  Fiau  n. 
Wappears  at .-/,  at  his  greatest  western  elongation 
or  distance  IVom  the  Sun ;  and  then  seems  to  stiuid 
still.  But,  as  he  moves  from  h  to  i,  he  appears  to 
go  from  .'/  to  B :  and  seems  to  be  in  the  same  place 
when  at  i,  as  wheu  he  was  at  g,  but  not  near  so 
large :  at  ^  he  is  hid  from  the  Jrlarth  E,  by  the  Sun 
5;  being  then  in  his  superior  conjunction.  In  go- 
ing from  k  to  /,  he  appears  to  move  from  C  to  Di 
uid  when  he  is  at  n,  he  appears  stiiiionary  at  E ; 
beuig  seen  as  far  eiisl  from  tlie  Sun  then,  as  he  was 
w<.'3t  from  it  at  .i.  In  going  I'rom  n  to  o,  in  his 
orbit,  he  seems  to  go  back  again  in  the  heavens, 
from  £  to  /),■  and  is  seen  in  the  same  place  (with 
respect  to  tlic  Sun)  nt  o,  as  when  he  was  at  /;  but 
of  a  larger  diameter  at  «,  because  he  is  then  nearer 
the  Eanh  E:  and  when  he  comes  to  f,  he  again 
parses  by  tlw  Sun,  and  disiippc-ars  as  before.  In  go- 
ing Irom  n  to  A,  ill  his  orbit,  he  seems  lo  go  back- 
i  wind  in  tl»c  heavens  from  E  to  ^ ;  and  m  going 
from  h  (o  n,  he  seems  to  go  forward  fitim  .^  to  E  : 
as  he  goes  on  from  f,  a  little  of  his  enlightuncd  side 
at  jf  18  seen  from  E;  al  A  he  appears  bilf  full,  be- 
cause half  of  his  enliglitened  side  is  seen ;  at  j, 
gibbous,  or  more  tlian  half  full ;  and  at  k  he  would 
appear  quite  lull,  were  he  not  hid  from  the  Earth 
E  by  the  Sun  S.  At  /  he  appears  gibbous  again,  at 
n  halfdecreasal,  at  o  homed,  and  at /'new,  like  tlie 
Moon  at  htr  change.  He  goes  sooner  from  his 
eastern  station  at  ft  to  his  western  station  at  h,  than 
again  from  h  ton;  because  he  goes  through  less 
than  half  his  orbit  in  the  former  case,  and  through 
more  in  the  tatur. 

144.  In  the  same  figtirc,  Id  FGHUCLMN  be  Fig.  ill. 
the  orWt  in  which  Venus  v  goes  round  the  Sun  S, 
according  to  the  order  of  the  letters :  and  let  E  be 
the  Earth,  w  before.     When  Venus  is  at  F,  she  isTlujcton-| 
in  her  inferior  conjunction;  and  disappears  like  ihcj^^jj^ 
new  Moon,  because  her  dark  side  is  toward  tlietuof 
Earth.     At  O,  she  appears  half  enlightened  to  the  v«w. 
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Karth,  like  the  tnoon  in  her  first  quarter :  at  ff,  she 

appeals  gibbous ;  at  7,  almost  full ;  her  enlightened 

Slide  being  then  nearly  towards  the  Earth  ;  at  JC,  sbc 

Mould  appear  quite  full  lo  the  Larih  H ;   but  is  Ud 

from  it  by  the  Sun  S ,-  at  Z.,  sihe  appears  upon  tfie 

decrease,  or  gibbous ;  at  M,  more  so  ;  at  N,  only  half 

Therrew-enlighttned;  and  at^,  she  iigain  disappears.  In  mov^ 

e«ieion-    ij,g  jj-ojj,  _Y  jn  G,  she  seems  to  go  backward  in  the 

Mercury   hca\ens  ;  and  from  G  to  A',  i'orward  ;  but  as  she  de* 

wid  ve-    scribes  a  much  greater  portion  of  her  orbit  in  gmiw 

from  G'  to  A',  than  fiom  jVio  G,  she  ap|jears  muo 

longer  direct  than  retrograde  in  her  motion.      At  /f 

and  G  she  appears  staiioiiary  ;  as  Mercury  does  at 

«  and  A.     Mercury,  when  slationar),  seems  to  be 

only  28  degrees  from  the  Sun ;  and  \'enus,  what 

so,  47 ;  which  is  a  demonstration  thul  Mercunr^ 

orbit  is  included  within  Venus's,  and  Vcnus's  within 

the  Eiirth's. 

145.  Venus,  from  her  superior  conjunction  at  Jf, 
to  Uer  inferior  conjunction  at  /'',  is  seen  on  the  eaat 
side  of  the  Siui  S,  irom  the  Earth  E;  and  therefore 
she  shines  in  the  evening  after  the  Sun  sets,  and  is 

MoniinE  caW^  thc  evening  star ;  lor,  the  Sun  being  then  to 
and  even-  thc  westward  of  Vfnus,  must  set  first.  iVoin  her 
wUttV."'  'oferior  conjunction  to  her  superior,  bhe  appears  an 
the  west  side  of  the  Sun  ;  and  therefore  ri^t^  befwc 
him  ;  for  which  reason  she  is  called  t/ie  tnornhig  gtar. 
When  she  is  about  A*  or  G,  she  shines  so  bright, 
that  bodies  I)y  her  tight  cast  shadows  in  llic  niu-fat- 
time.  " 

146.  If  tlie  Earth  kept  always  at  -E,  it  is  ev 
that  the  stationary  places  of  Mercury  ^nd   Vi 
would  ahvays  be  in  the  same  points  ol'  the  hcai 
where  they    were    before.     For  example: 
Mercury  m  goes  from  h  to  «,  according  lo  the 

I  Titf  sia-    of  the  letters,  he  appears  to  descrilKr  ilie  arc  JBC 

E  liormry     in  the  heavens,  direct :  and  while  he  goes  Irom  » 

I  Slrptu"    ^'.  he  seems  to  describe  the  same  arc  back  aga 
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appears  stationary  at  the  same  points  E  and  ^/  as 
betbrt.  Bui  Mercury  goes  round  his  orbit,  fromy' 
to /"again,  ill  88  days.;  and  yet  lliere  are  Uti  days 
from  any  one  ol'  his  conjunctions,  or  apparent  sta- 
tions, to  Uit:  same  again :  and  the  places  ol'  these  cun- 
junciioiiB  and  stations  are  found  to  he  about  114  de- 
grees eastward  from  the  points  of  the  heavens  ^vhcre 
Sicy  were  last  bcfoi-c;  which  proves  that  the  E:irtli 
has  not  kept  all  that  time  at  E,  but  lias  had  a  pro- 
gressive motion  in  its  orbit  from  £  to  /.  Venus  also 
differs  every  time  in  the  places  of  her  conjunctions 
and  sutioris ;  but  much  more  than  Mercury ;  be- 
cause,  as  Venus  descriljes  a  much  larger  orbit  than 
Mercury  does,  the  Karth  advances  so  much  the  far- 
'  thcr  in  its  aiuutal  path,  bei'oif  Venus  comes  round 
again. 

1*7.  As  Mercury  and  Venus,  seen  from  tlieThecion- 
Euilb,  have  their  respective  elongations  from  the  gj^j™* "'' 
Suii,  and  stationary  places;  sti  ha»  the  Earth,  seeiuum*»io. 
frotn  Mars;  and  Mars,  seen  from  Jupiter;  and *''''"■  P'' 
Jupiter,  seen  from  Satuni :  Uiat  is,  to  every  supe-  seen  froin 
rior  planet,  all  the  infirior  ones  have  tlicir  stations hi- 
aiid  elongations;  as  Venus  and  Mercury  have  to 
the  Earth.  As  seen  front  Saturn,  Mercury  never 
goisi  more  than  i-i  degrees  from  the  Sun ;  Venus 
4J ;  the  Karih  0 ;  Mars  !'J  :  and  Jupiter  3->-i ;  so  that 
Mercury,  as  seen  IVom  the  luarih,  has  almost  as 
gieat  a  digression  or  elong;iiion  from  the  Sun,  as 
Jupiler,  seen  from  Saturn. 

i4a.  Because  the  Earth's  orbit  is  included  with-  a  pw.f  o( 
in  the  orbits  of  Mars.  Jupiter,  and  Saturn,  they  are  "nn^"" ' 
seen  on  Ai  sides  <if  the  heavens :  und  are  as  ofien  in  moiign. 
opposition  to  the  Sun  as  in  conjunction  with  him. 
If  the  Earth  stood  still,  ihcy  would  alwaj  s  ap]xrur 
direct  in  their  motions ;  never  retrograde  nor  station- 
ary.    But  they  seem  to  go  just  as  often  backward 
as  ibrward  ;  wliicJi,  if  f^ra^ity  be  allowed  to  exist, 
nffords  u  sufficient  proof  of  the  Earth's  annual  mo- 
tion :  and  u-ithout  its  existence,  tlic  planets  could 
nc%cr  fall  I'rom  the  tangents  ol"  their  orbits  towards 
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Plait  II.   the  Sun,  nor  cx)ti1d  a  stone,  which  is  once  thn 
up  from  the  Earth,  ever  iail  to  the  earth  aguin. 

149.  As  Venus  and  the  Earth  arc  superior  plS 

nets  to  Mercury,  they  exhibit  much  the  same  a 

pearances  lo  him,  thai  Mars  and  Jupiter  do  to  i 

Let  Mercury  m  be  zij",  Venus  v  at  F,  and  the  Eard 

„    ,,,     at  £;   in  which  situation  Venus  hides  the  EartI 

Ce^nerai'    from  McTcufy ;  but  being  in  opposition  to  the  Sun 

phcnome.  ghc  shincs  on  MiTcury  with  a  full  illumined  orb 

pernor  pul 'hough,  with  respect  to  the  Earth,  she  is  in  con 

netioiiti  junction  with  the  Sun,  and  invisible.     When  Ma 

ioferior-     ^.^^.y  j^  ^^  y-  ^^^^^  Venus  at  Gf,  her  enlightened  ^d 

not  being  directly  toward  him,  she  appears  a  liu* 

gibbous ;  as  Mars  docs  in  a  like  situation  to  ns  ;  bu 

when  Venus  is  at  /,  her  enlightened  side  is  so  muc 

toward  Mercury  vAf,  diat  she  appears  lo  him  aJiiu 

Cof  a  round  iigure.  At  K,  Venus  disappears  to  Mj 
cury  sxf,  being  then  hid  by  die  Sun ,  as  all  our  s 
pcrior  planets  are  to  us,  when  in  conjunction  M-it 
die  Sun.  When  Venus  has,  as  it  were,  emergei 
out  of  the  Sun-beams,  as  at  L,  she  appears  alnuM 
full  lo  Mercury  zif;  at  il/and  A',  a  litde  gibboua 
quite  full  at  F,  and  largest  of  all;  being  then  in  op 
position  to  the  Sun,  and  consequently  nearest  1 
Mercury  at  F;  shining  strongly  on  him  in  the  nigh 
because  her  distance  from  him  then  is  some«hat  le 
than  a  fifth  part  of  her  distance  from  the  Earth,  wb( 
she  appears  roundest  to  it  between  /and  K,  or  b 
tween  A' and  i,  as  seen  from  the  Earth  E.  Cgi 
sequendy,  when  Venus  is  opposite  to  the  Sun  a 
seen  from  Mercury,  she  appears  more  than  25  lime 
as  large  to  him  as  she  does  to  us  when  at  the  fullesl 
Our  case  is  almost  similar  with  respect  to  Mart 
when  he  is  opposite  to  the  Sun ;  because  he  is  thd 
so  near  the  Earth,  and  has  his  whole  enlighlene 
side  toward  it.  But,  because  the  orbits  of  Jupite 
and  Saturn  are  ^ery  large  in  proportion  to  the  Earth' 
orbit,  these  tno  planets  appear  much  less  tnagnifie 
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at  their  oppositions,  or  diminished  at  their  con-iVc/cJX 
junctions,  than  Mars  does,  in  proportion  to  their 
mean  apparent  diameters. 

CHAP.  VII. 

The  Phustcal  Causes  of  the  Motions  qfthe  Planets. 
The  liccentricities  of  their  Orbits.  The  Times  in 
which  the  Action  of  Gravity  would  bring  them  to 
the  Sun.  Archimedes's  ideal  Problem  for 
moving  the  Earth.  ^  The  World  not  eternal. 

-j.^  TT^ROM  the  uniform  projectile  motion  ofcraviu- 
^^^-  J;     bodies  in  stoight  lines,  and  the  universal  ^^^^^^f 
power  of  attraction  wWch  draws  them  off  from  these  tion. 
lines,  the  curvilineal  motions  of  all  the  plaiHts  arise.  y\%.  iv. 
If  the  body  A  be  projected  along  the  right  line  ABX^ 
in  open  space,  where  it  meets  with  no  resistance, 
and  is  not  drawn  aside  by  any  other  po^^er,  it  would 
for  ever  go  on  with  the  same  velocity,  and  in  the 
same  direction.     For,  the  force  which   moves  it 
from  A  io  B  in  any  jfiven  lime,  will  carry  it  from  B  circular 
to  Xin  as  much  more  time,  and  so  on,  there  being  ^"^^'^ 
nothing  to  obstruct  or  alter  its  motion.  But  if,  when 
this  projectile  force  has  carried  it,  suppose  to  By  the 
body  S  begin  to  attract  it,  with  a  power  duly  adjust- 
ed,  and  perpendicular  to  its  motion  at  B,  it  will  then 
be  drawn  from  the  straight  line  ABX,  and  forced  to 
revolve  about  S  in  the  circle  BYT[/.     When  the  rig.  iv. 
body  A  comes  to  £/",  or  any  other  part  of  its  orbit,  if 
the  small  body  «,  within  the  sphere  of  i7's  attraction, 
be  projected,  as  in  the  right  line  Z,  with  a  force  per- 
pendicular  to  the  attraction  of  U,  then  a  will  go 
round  U  in  the  orbit  ir,  and  accompany  it  in  its 
whole  course  round  the  body  S.     Here  S  may  re- 
present the  Sun,  t/thc  Earth,  and  u  the  Moon.  * 

151.  If  a  planet  at  B  gravitate,  or  be  attracted, 
toward  the  Sun,  so  as  to  fall  from  J7  to  y  in  the 
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time  that  the  projectile  force  would  have  carried  i 
from  B  to  X,  it  will  describe  the  curve  5  F  by  tt 
combined  action  of  these  two  forces,  in  ihe  san: 
time  that  die  projectile  force  singly  would  have  car 
ried  it  from  B  to  X-,  or  the  gravitating  power  singi] 
have  caused  it  to  descend  irom  Bxay ;  aiid  tlies< 
two  forces  being  duly  proportioned,  and  pcrpendi 
cular  to  each  other,  the  planet,  obeying  diem  both 
will  move  in  the  circle  BYTU*.  ^^ 

152.  But  if,  while  the  projectile  force  would  <. 
the  planet  fi'OTii  B  to  h,  the  Sun's  attraction  (whic 
conslitiites  the  planet's  gravitation}  should  bring  i 
down  from  ^  to  1,  die  gi-avitatiiig  povter  would  tba 
be  too  strong  for  tlie  projectile  force ;  and  avouI 
ca6se  the  planet  to  describe  the  curve  B  C.  Who 
iiipticU  the  planet  comes  to  C,  the  gravitating  power  (whic 
always  increases  as  the  square  of  tlic  distance;  froi 
the  Sun  S  diminishes)  will  be  yet  stronger  on  at 
count  of  the  projectile  force  ;  and  by  conspiring  il 
some  degree  therewith,  will  accelerate  the  planet' 
motion  all  the  way  from  C  to  K;  causing  it  to  d( 
scribe  the  arcs  £C.  CD,  DE,  EF,  &c.  all  in  eq« 
times.  Having  its  motion  thus  accelerated,  it  then 
by  gains  so  much  centrifugal  force  or  Icndcncy  1 
fly  off  at  K  in  the  line  Kk,  as  overcomes  the  Sun 
attraction  :  and  the  centrifugal  force  being  ton  gt« 
to  allow  die  planet  to  be  brougltt  nearer  the  Sun,  t 
even  to  move  round  him  in  the  circle  Ktmn,  8tc. 
goes  off,  and  ascends  in  the  curve  KLMN,  &c.  i 
motion  decreasing  as  giadually  from  A' to  B,  as 
increases  from  B  to  K;  because  the  Stui's  attractia 
now  acts  against  the  planet's  projectile  motion  jui 
as  mucljas  it  acted  widi  it  before.  When  the  jjj^ 
net  has  got  round  to  B,  its  projectile  force  is  i 
much  dimtnislied  from  its  mean  state  about  G  or  / 

•  To  make  ttie  projectile  force  balance  the  navitaiing  po» — 
exactly  as  that  the  hdliy  may  move  in  a  drdc,  the  prnjcciifc  vi 
of  the  bcdy  must  tie  such  as  it  wnaUl  Ivave  aojuired  by  gravity 
in  fnlling  through  half  the  ratlius  of  the  circle;. 


the  Planets''  Motion.  109 

I  was  augmented  at  A';  and  so,  ihe  Sun's  allrac-  pimtJI. 

•i6m  being  more  than  sufiicient  to  keep  the  planet 
from  goiitg  off  at  Jt,  it  describes  the  same  orbit  over 
again,  by  virtue  of  the  same  forces  or  powers. 

153.  A  double  projectile  force  will  always  balance 
a  quadruple  power  of  gravity.     Let  the  planet  at  .B 
have  twice  as  great  an  impulse  from  thence  toward 
X,  as  it  had  before  ;  that  is,  in  the  same  length  of 
time  that  it  was  projected  from  B  to  b,  as  in  the  last 
example,  let  it  now  be  projected  from  /f  to  c;  and  it 
will  require  four  times  as  much  gravity  to  retain  it  in 
its  orbit :  that  is,  it  must  fall  as  lar  as  from  £  to  4  in 
die  time  that  the  projectile  fortfe  would  carry  it  from 
Btoc;  otherwise  it  could  not  describe  the  curve 
JBD;  as  is  evident  by  the  figure.     But,  in  as  much 
lime  as  the  pltinet  moves  from  B  to  C  in  the  iiigher  Fig.  iv, 
part  of  its  orbit,  it  moves  from  /  to  A',  or  from  K  to  '^*"  P''- 
L,  in  the  lower  part  thereof;  because,  from  the  joint  "cr^be'' 
action  of  these  two  forces,  it  must  always  describe ci"*' «" 
equal  areas  in  equal  times,  throughout  its  annual  "mer" 
course.  These  areas  are  represented  by  the  triangles 
BSC,  CSD,  nSE,  ESF,  fcc.  whose  contents  are 
e{(ual  to  one  anodier  quite  round  the  figure. 

154.  .\s  the  plimets  approach  nearer  the  Sun,  and  A  diflkul- 
recede  farther  from  him,  in  every  revolution  ;  thereby"""''* 
may  be  some  difficulty  in  conceiving  the  reason  why 

tlie  power  of  gravity,  w  hen  it  once  gets  the  better  of 
Uie  pnyectilc  force,  docs  not  bring  the  planets  nearer 
and  nearer  the  Sun  in  every  revolution,  till  they  fall 
upon,  and  unite  with  him ;  or  ivhy  the  projectile  Ibrcc, 
when  it  once  gets  the  better  of  gravity,  does  not 
carry  the  planets  farther  and  farther  from  the  Sun, 
till  it  removes  them  quite  out  of  the  bphere  of  his 
attraction,  and  causes  them  to  go  on  in  straight  lines 
for  ever  afterward.  But  by  considering  ihe  ttfcels 
of  these  powers  as  described  in  the  two  last  aniclcs, 
this  difficulty  will  be  removed.     Suppose  a  planet 
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at  li,  to  be  carried  by  the  projectile  force  t 
from  B  to  h,  in  tlie  time  that  gravity  ivould  hav 
brought  it  do«Ti  from  5  to  1 :  by  tlicse  two  force 
it  will  describe  tiie  curve  B  C.  When  the  plane 
comes  down  to  K,  it  will  be  but  half  as  far  from  ih 
Sim  S  as  it  was  at  B.-  and  therefore  by  gravitatin 
four  times  as  strongly  towards  him,  it  would  f 
from  A'  to  ^  in  the  same  length  of  time  Uiai  it  woi 
have  iiiUen  from  5  lo  1  in  tlie  higher  pan  of  hs  e 
bit;  that  is  through  four  limes  as  much  space  ;  bl 
its  projeciile  force  is  then  so  much  increased  at  j 
as  would  cdrry  it  front  Kto  A-  in  llie  same  time 
being  double  of  what  it  was  at  B;  and  is  ihcrefo* 
too  strong  for  the  gravitating  power,  citlicr  to  dran 
the  planet  to  the  Sun,  or  cause  it  to  go  round  him  i 
the  circle  A'/mn,  &.C.  which  would  require  its  fatHn 
from  A"  to  w,  through  a  greater  space  than  i " 
tlirough  which  gravity  can  draw  i(,  while  the  j 
jectile  Ibrce  is  such  as  would  carry  it  fiom  A' to  j( 
and  therelbre  the  planet  ascends  in  its  orbit  A'/jMAf 
decreasing  in  its  velocity,  for  the  causes  already  ■ 
signed  iii  i  152. 

155.  The  orbits  of  all  the  planets  are  ellipses,  vO 

'-  little  difllrent  f-'om  circles ;  but  the  orbiisi  of  tl 
comets  arc  very  long  ellip^s;  and  the  lower  (be 
of  tliem  all  is  in  the  Sun.  If  we  suppose  the  ma 
distance  (or  middle  between  the  greatest  and  leas 
of  every  planet  and  cnmet  from  the  Sun  to  be  divii 

■-  ed  into  1000  equal  piirts,  the  eceenlricities  of  ihi 
orbits,  both  in  such  parts  and  in  English  miles,  w 
be  as  follow  :  Mercury's,  210  parts,  or  6,720,00 
miles;  Venus's,  7  parts,  or  413,000  miles;  tlj 
Eanh's,  17  parts,  or  1.377,00(J  miles;  Mars's,  T 
parts,  or  11,439,000  miles;  Jupiter's,  48  parts,  > 
20,352,000  miles;  Saturn's,  55  parts,  or  42,73, 
000  miles.  Of  the  nearest  of  the  tree  foremei 
tioned  comets,  1,458,000  miles;  of  the  mlddlemoa 
2.025.000,000  miles ;  and  of  the  outermost,  6,6a 
•JOO.OOO. 
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156.  By  the  above-mentioned  law,   J  150  &f  ^^5^.  The  above 
bodies  vviU  move  in  all  kinds  of  ellipses,  whether  lon^  ^^*  *"®" 
or  short,  if  the  spaces  they  move  in  be  void  of  resist-  motions 
ance.     Only  those  which  move  in  the  longer  ellipses  ^p^^  in 
have  so  much  the  less  projectile  force  impressed  upon  and  eiiip- 
tbem  in  the  higher  parts  of  their  orbits ;  and  their  ve-  tic  orbits. 
locities,  in  coming  down  towards  the  Sun,  are  so  pro- 
digiously increased  l:)y  his  attraction,  that  their  centri- 
fugal forces  in  the  lower  parts  of  their  orbits  are  so 
great,  as  to  overcome  the  Sun's  attracJ.ion  there,  and 
cause  them  to  ascend  again  towards  the  higher  parts 

of  their  orbit ;  during  which  time  the  Sun's  attraction, 
acting  so  contrary  to  the  motions  of  those  bodies, 
causes  them  to  move  slower  and  slower,  until  their 
projectile  forces  are  diminished  almost  to  nothingi; 
and  then  they  are  brought  back  again  by  the  Sun's 
attraction  as  before. 

157.  If  the  projectile  forces  of  all  the  planets  and  in  what 
comets  were  destroyed  at  their  mean  distances  from  times  the 
the  Sun,  their  gravities  would  bring  them  down  so,  wouid*faii 
as  that  Mercury  would  fall  to  the  Sun  in  15  days  13  to  the  Sun 
hours;  Venus,  in  39  days  17  hours;  the  Earth  or^J^^^^ 
Moon,  in  64  days  10  hours;  Mars,  in  121  days ;  Ju-  gravity. 
piter,  in  290;  and  Saturn,  in  767.     The  nearest 
comet,  in  13  thousand  days ;  the  middlemost,  in  23 
thousand  days ;  and  the  outermost,  in  66  thousand 

days.  The  Moon  would  fall  to  the  Earth  in  4  days 
20  hours ;  Jupiter's  first  moon  would  fall  to  him  in  7 
hours,  his  second  in  15,  his  third  in  30,  and  his  fourth 
in  71  hours.  Saturn's  first  moon  would  fall  to  him 
in  8  hours,  his  second  in  12,  his  third  in  19,  his 
fourth  in  68,  and  his  fifth  in  336  hours.  A  stone 
would  fall  to  the  Earth's  centre,  if  there  were  a  hf  >lIow 
passage,  in  21  minutes  9  seconds.  Mr.  Whij»ton 
gives  the  following  rule  for  such  computations.  "  *  It 
is  demonstrable,  that  half  the  period  of  any  planet, 
when  it  is  diminished  m  the  sesquialteral  proportion 


*  AstroQcoucal  Principles  of  Religion,  p.  66. 
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of  the  number  1  to  the  nunilxr  2,  nr  nearly  in 
proportion  of  1000  to  2828,  is  tlie  time  in  which  S- 
would  full  to  the  centre  of  its  orbit. 
The  pro-        158.  The  (juick  motions  of  the  nioons  of  Juphcr 
digioiHit-^nd  Saturn  round  tlieir  primaries,  demonstrate  that 
u^'^sun"  these  two  planets  have  stronger  attractive  powers 
ftnd  Pii-   than  the  Earth  has.     For  the  stronger  that  one  twdy 
"*'**        attraas  another,  die  greater  nmst  be  the  projectile 
force,  and  consequently  the  quicker  must  be  the  mo. 
tion  of  that  oilier  body  to  keep  it  from  fulling  to  ib 
primarj-  or  central  planet.     Jupiter's  second  moon  u 
124  thousand  miles  farther  from  Jupiter  than  our 
Moon  is  from  us ;  and  yet  this  second  moon  goa 
almost  eight  times  roimd  Jupiter  whilst  our  moon 
goes  only  once  round  the  Earth.  What  a  pnxligioui 
attractive  power  must  the  Sun  then  Y\a\e,  to  draw  A 
the  planets  and  satellites  of  the  system  towards  hhn! 
and  what  an  amazing  po«'Cr  must  it  have  required  to 
put  all  these  planets  and  moons  into  such  rapid  mo- 
tions at  first !  Amazing  indeed  to  us,  because  impos- 
sible to  be  effected  by  the  strength  of  all  the  livint 
creatures  in  an  unlimited  number  of  worlds  ;   but  m 
ways  hard  for  the  Almighty,  whose  planetarium  takes 
in  the  wliole  universe. 
Anctti-        159.  The  celebrated  Archimedes  affirmed  he 
mebeh'*   could  move  the  Earth,  if  he  had  a  place  at  a  ^ 
for  raising  tancc  ifom  it  to  Stand  upon  to  manage  his  machqtf- 
tiieEnriii.  ry,*.     This  assenion  is  true  in  theory,  but,    upoo 
examination,  will  be  found  absolutely  impossible  id 
fact,  even  though  a  proper  place,  and  materials  of 
sufiicicnl  strength  could  be  had, 

The  simplest  and  easiest  method  of  niovinc 
heavy  body  a  little  way,  is  by  a  lever  or  crow;  w 
a  small  weiglit  or  power  applied  to  the  long 
1  will  raise  a  great  weight  on  the  short  one. 
.  then  the  small  weight  must  move  as  much 
4han  the  great  weight,  as  the  latter  is  heavier 

"  iar  viStZ,  kju  ret  Kso^Mt  lutiav,  i.  c.  Give  me  a  plaoe  to  a) 
on,  suul  I  «ball  move  the  Earth. 
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the  former ;  and  the  length  of  the  long  arm  of  the 
lever  must  be  in  the  same  proportion  to  the  Icngtli 
of  the  short  one.  Now,  suppose  a  man  to  pull,  or 
press  the  end  of  tlie  long  arm  »vith  the  force  of 
200  pounds  weight,  and  that  llie  Earth  contains  in 
round  numbers,  4,0(»0,oOo,000,000,(XX),000,000, 
or  4000  trillions  of  cubit  det,  each  at  a  mean  rate 
weighing  100  pound ;  and  that  the  prop  or  caitre  of 
motion  of  the  lever  is  6000  miles  from  tlw-  tCarth's 
centre  :  in  this  case,  the  length  of  tlie  lever  front  the 
fulcrum  or  centre  of  motion  to  the  mo\ing  poivcr  or 
'weight  ought  to  be  1^,000,000, 000,000,000.000, 000, 
OOO.orliquadrillions  of  miles;  and  so  many  miles  must 
the  power  move,  in  order  to  raise  the  Earth  but  one 
mile  ;  whence  it  is  easy  to  compute,  that  if  Abchi- 
11EI)£S,  or  the  power  applied,  could  move  as  swift 
as  a  cannon  bullet,  it  would  take  27,tK)0,000,000, 
000,  or  27  billions  ol"  years  to  raise  die  Eiirth  one 
inch. 

If  any  other  miichine,  such  as  a  combination  of 
wheels  and  screws,  \veit;  propositi  to  nio\-c  the  Earth, 
the  time  it  would  require,  and  the  space  gone  tlirough 
by  the  hand  that  turned  the  machine,  would  be  tlte 
same  as  before.  Hence  we  may  learn,  that  however 
boundless  our  imagination  atid  theory  may  be,  the 
actual  operations  of  man  are  confined  within  narrow 
bounds ;  and  more  suited  to  our  real  wants  than  to 
our  desires. 

160.  Tlie  Sun  and  pLincts  mutually  attract  eachH»ni 
other:    the  power  by  which    iliey  do  so   we  call''<:t=''''*i"» 
gravity.     But  whether  diis  power  be  mechanical  or^Jylgf'** 
not,  is  very  much  tlispuled.  Observation  proves  tJiat 
by  it  the  planets  disturb  one  another's  motions,  and 
tliat  h  decreases,  according  to  the  squares  of  the  dis- 
tances of  the  Sun  and  planets  inversely ;    as  light, 
which  is  known  to  be  material,  likewise  does.  Hence, 
gravity  should  seem  to  arise  from  the  agency  of  some 
subtle  mutter  pressing  toward  the  Sun  and  planets, 
and  acUug,  like  all  mechanical  causes,  by  contact. 
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But,  on  the  other  hand,  when  we  consider  tliat  the 
degree  or  force  of  gravity  is  exactly  in  proportion  to 
the  quantities  of  matter  in  those  bodies,  without  any 
regard  to  their  bulk  or  quantity  of  surface,  acting  as 
freely  on  their  internal  as  external  parts,  it  seems  to 
surpass  the  power  of  mechanism,  and  to  be  either  the 
immediate  agency  of  the  Deity,  or  effected  by  a  lair 
originally  established  and  imprest  on  all  matter  by  him. 
But  some  afHrm  that  matter,  being  altogether  inert, 
cannot  be  impressed  with  any  law,  even  by  Almighty 
po\\er:  and  that  die  Deity,  or  some  subordinate  in* 
telligence,  must  therefore  be  constantly  impelling  die 
l^lanets  towards  the  Sun,  and  moving  them  with  tfaa- 
same  irregularities  and  disturbances  which  gravity 
would  cause,  if  it  could  be  supposed  to  exist.  Bu^ 
if  a  man  may  venture  to  publish  his  own  thoughts,  il 
seems  to  me  no  more  an  absurdity,  to  suppose  the 
Deity  capable  of  infusing  a  law,  or  what  law  he 
pleases,  into  matter,  than  to  suppose  him  capable  cf 
gi\i:ig  it  existence  at  first.  The  manner  of  both 
is  equally  inconpeivablc  to  us ;  but  neither  of  them 
imply  a  contradiction  in  our  ideas :  and  what  implies 
uo  contradiction  is  within  the  i)ower  of  OnmipotencCi 
f  161.  That  the  projectile  force  was  at  first  given  hf 
'  the  Deity  is  evident.  For  matter  can  never  put  J^ 
self  in  motion,  and  all  bodies  may  be  moved  in  any 
direction  whatever ;  and  yet  the  planets,  both  primaij 
and  secondary,  move  from  west  to  east,  in  planes 
nearly  coincident ;  while  the  comets  move  in  all  di- 
rections, and  in  planes  very  different  from  one  ao- 
other ;  these  motions  can  therefore  be  owing  to  no 
mechanical  cause  or  necessity,  but  to  the  free  will  and 
power  of  an  intelligent  Being.  . 

162.  Whatever  gravity  be,  it  is  plain  that  it  acts 
cverv  moment  of  time :  for  if  its  action  should  cease, 
the  projectile  force  would  instantly  carry   off  the 
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planets  in  straight  lines  from  those  parts  of  their  or- 
bits where  gravity  left  them.  But,  the  planets  being 
once  put  into  motion,  there  is  no  occasion  for  any 
new  projectile  force,  unless  they  meet  with  some  re- 
sistance in  their  orbits ;  nor  tor  any  mending  hand, 
unless  they  disturb  one  another  too  much  by  their 
mutual  attractions. 

163.  It  is  found  that  there  are  disturbances  among  The  pla- 
the  planets  in  their  motions,  arising  from  their  mutual  °«*f  ^*«- 
attractions,  when  they  are  m  the  same  quarter  of  the  another's 
heavens ;  and  the  best  modem  observers  find  that  our  motions. 
years  are  not  always  precisely  of  the  same  length*. 
jBesides,  there  is  reason  to  believe  that  the  Moon  is 
somewhat    nearer   the   Earth  now  than    she  was 
formerly ;  her  periodical  month  being  shorter  than  it 
was  in  former  ages.     For  our  astronomical  tables.  The  con- 
which  in  the  present  age  shew  the  times  of  solar  and  sequences 
lunar  eclipses  to  great  precision,  do  not  answer  so  ^^*' 
well  for  very  ancient  eclipses.  Hence  it  appears,  that 
the  Moon  does  not  move  in  a  medium  void  of  all  re- 
sistance, ^74:  and  therefore  her  projectile  force  be- 
ing a  little  weakened,  while  there  is  nothing  to  dimi- 
nisli  her  gravity,  she  must  be  gradually  approaching 
nearer  the  Earth,  describing  smaller  and   smaller 
circles  round  it  in  everj'  revolution,  and  finishing  her 
period  sooner,  although  her  absolute  motion  with  re- 
gard to  space  be  not  so  quick  now  as  it  was  formerly : 
and,  therefore,  she  must  come  to  the  Earth  at  last; 
unless  that  Being,  which  gave  her  a  sufficent  pro- 

*  If  the  planets  did  not  motuaVy  attract  one  another,  the  areas 
deacribcd  by  thcxn  wouki  be  exactly  proportionate  to  the  times  oi  de- 
scription, $  15J.  But  ol)servations  prove  that  these  areas  are  not  in 
such  exact  proportion,  and  are  most  varied  whei\  the  greatest  num- 
ber of  planets  are  in  any  particular  quarter  of  the  heavens.  Wlien 
any  two  planets  are  in  conjunction,  their  mutual  attractions,  whicli 
tend  to  bring  diem  nearer  to  one  another,  draw  the  inferior  one  a 
little  &rther  fironi  the  Sun,  and  the  superior  one  a  httlc  nearer  to 
him ;  by  which  means,  the  fieure  of  their  orbits  is  somewhat  alteivd : 
hut  this  alteratiQii  is  too  small  to  be  discovered  in  several  ages* 
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jectile  force  at  the  beginning,  adds  a  little  more  to  it 
in  due  time.     And,  as  all  the  planets  move  in  sjHices 
full  of  ether  and  light,  which  are  material  substances, 
they  too  must  meet  witJi  some  resistance.     And, 
therefore,  if  their  gravities  be  not  diminished,  nor 
their  projectile  forces  increased,  they  nitist  necessa- 
rily  approach  nearer  and  nearer  die  Sun,  and  at  length 
fall  upon  and  unite  with  him. 
heworld      1^4.  Here  we  have  a  strong  philoaophical  argu- 
>i  eter-   meut  against  the  eternity  of  the  World.     Kur,  had  it 
'■  existed  from  eternity,  and  been  left  by  the  Deity  to 

be  governed  by  the  combined  actions  of  the  above 
forces  or  powers,  generally  called  laws,  it  had  been 
at  an  end  long  ago.  And  it'  it  bo  left  to  them,  it  must 
come  to  an  end.  But  we  may  be  certain,  that  it  will 
last  33  long  as  was  intended  by  its  Author,  who 
ought  no  more  to  be  found  fault  wilh  for  framing  so 
perishable  a  work,  than  for  making  man  mortal*. 

CHAP.  VIII. 


Of  Light.  Its  proportional  Quantities  on  the  differefi 
Planets.    Its  Hefractions  in  fVater  and  Air. 
Atmosphere ;   its   tVcight    and  Properties. 
Horizontal  moon. 
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LIGHT  consists  of  exceeding  small  i 
ti     "       


tides  of  matter  issuing  from  a  luminoii 

body ;  as,  from  a  lighted  CiUidle  such  particles  i  __ 
matter  constantly  flow  in  all  direclions.  Dr.  Niew^ 
Theamii.  ENTYxt  computes,  that  In  one  second  of  time  there 
Itig  .mall-  flow  418, 6(J0,O(J0,OOO,OU0,0O0,OOU, 000,000,000, 
',rrt;cie»  0O0,O00.000,O00,0{:)O,  particles  of  light  out  ,  ' 
of  light,    burning  candle;    which  number  contains  at  lej 

■  M.  de  l4  Grange  has  demonsirated,  on  die  soundest  pinciplea 
philoiiophy,  thst  the  solar  sj'stmi  is  not  niremiarily  pensh^iile;  t 
that  Che  Kcnuog  imguluriues  in  the  pl^tnecary  ninti(ii3  osciltaie,  i 
it  were,  within  narrow  Uinits;  and  thlit  the  world,  aixotldir^  rad 
present  cunstitutink  nf  nuture,  may  be  permanen'. 

t  Religious  Pluksopher,  Vol.  111.  p.  65. 


■     Properties  of  Light.  11' 

fi, 337, 242 ,000,000  times  the  number  of  grains  of 
sand  in  the  whole  Earth ;  supposing  100  grains  of 
sand  to  be  equal  in  lengili  to  an  inch,  and  consequent- 
ly, every  cubit  inch  ot  the  ti^irth  to  contain  one  mil- 
lion of  such  grains. 

166.  These  amazingly  small  particles,  by  strikingTlie 
Upon  our  eyes,  excite  in  our  mindi*  ihc  idea  of  light ;  ^^,^(1 
and  if  they  were  as  largo  as  ibc  snniUcst  particles  oftintwouid 
matter  discernible  by  our  best  microscopes,  instead ^"*"^,    ,. 

I.  .     •  -It  ■  111-      irom  Uieit 

of  being  serviceable  to  us,  they  would  soon  depnvebiing 
us  of  sight,  by  the  force  arising  from  thtir  immense '"^E«r- 
\-elocily;  which  is  above  104- thousand  miles  every 
second*,  or  1,230,000  times  swil'ler  tlian  the  motion 
of  a  cannon  bullet.  And,  thei-efore,  if  the  particles  of 
light  were  so  large,  that  a  vnilUon  of  them  were  ecjual 
in  bulk  to  an  ordinary  ^niin  of  sand,  we  durst  no 
more  open  our  eyes  to  the  light,  than  suffer  sand  to 
be  shot  point  blank  against  them. 

167.  VVhen  llicse  small  panicles,  flowing  from  iheHowob- 
Sun  or  from  a  candle,  litll  upon  bodies,  and  are  there- J^'^*''^. 
by  reflected  to  our  eyes,  they  excite  in  us  the  idea  ol  btrwuT' 
that  body,  by  forming  its  picture  on  the  retiriii  f.  And 

since  bodies  are  visible  on  all  sides,  light  must  be 
reflected  from  them  in  all  directions. 

168.  A  ray  of  light  is  a  continued  stream  of  these  Tbe  r»ys 
particles,  flowing  from  any  visible  body  in  a  btniight"*^''s'"i 
line.  That  the  nys  move  in  straight,  and  not  inllSret/ 
crtxiked  lines,  unless  they  be  i-cfracted,  is  evident  '.^'k'" 
from  bodies  not  being  visible  if  we  endeavour  to  look ''"^ 

at  them  through  the  bore  oi"  a  bended  pipe ;  and  from 
tlwir  ceasing  to  be  seen  on  the  interposition  of  otlier 
bodies,  as  the  fixed  stars  by  the  interposition  of  the 
Moon  and  planets,  and  ilic  ijim  ^vholiy  or  in  part  by 
the  interpositiwi  of  the  Moon,  Mercury,  or  Venus,  a  proof 
And  lliat  these  rays  do  not  interfere,  or  lostle  one  *•■"  ''"'r 

^^B  ■*  binder  nc( 

is  wlU  be  denmnstrateif  in  the  eleventh  chapter.  th^r^T" 

■le  aet-wottL  menibmiG  lu  the  bUMm  of  ihee  ' 


no  Concerning  the  Nature  and 

Hate  IL  another  out  of  their  ways,  in  flowing  from  different 
bodies  all  around,  is  plain  from  the  following  expcri- 
ment.  Make  a  litde  hole  in  a  thin  plaie  of  metal,  and 
set  the  plate  upright  on  a  table,  facing  a  row  of  light- 
ed candles  standing  by  one  another;  then  place  a 
sheet  of  paper  or  pasteboard  at  a  little  distance  from 
the  other  side  of  the  plate,  and  the  rays  of  all  the 
candles,  flowing  through  the  hole,  will  Ibrm  as  many 
specks  of  light  on  the  pai)er  as  there  are  candles  be- 
fore the  plate ;  each  speck  as  distinct  and  large,  as  if 
tliere  were  only  one  candle  to  cast  one  speck ;  which 
shews  tliat  the  rays  are  no  hindrance  to  each  other  in 
their  motions,  although  tliey  all  cross  in  the  hole. 

169.  Light,  and  therefore  heat,  so  far  as  it  depends 
on  the  Sun's  rays,  (^  85,  toward  the  end,)  decreases 
in  the  inverse  proportion  of  the  squares  of  the  distance:* 
of  the  planets  from  the  Sun.     This  is  easily  demon- 
strated  by  a  figure;    which,  together  with  its  de- 
Fig.  XL    scripiion,  1  have  taken  from  Dr.  Smith's  Optics*, 
Let  the  light  which  flows  from  a  point  A^  and  passes 
tlirough  a  square  hole  B^  be  received  upon  a  plane  C\ 
In  what    parallel  to  the  plane  of  the  hole ;  or,  if  you  please,  let 
UghTInr  *^  '»g"re  C  be  the  shadow  of  the  plane  B;  and  when 
heat  de-    the  distance  C  is  double  of  B^  the  length  and  breadth 
"^*^V*  ^^  ^^^  sliadow  C  w  ill  be  each  double  of  the  length 
distance"  and  breadth  of  the  plane  B ;  and  treble  when  AD  is 
from  the   treble  of  AB;   and  so  on :    which  may  be   easily 
examined   by  the  light  of  a  candle   placed  at  A. 
"^rhereforc   the   surface  of   the   shadow    C,    at   the 
distance  AC  double  of  AB^  is  divisible   into  four 
squares,  and  at  a  trcl)lc  distance,  into  nine  scjuares, 
severally  equal  to  the  square  jtf,  as  rcpresenled  in 
the  figure.     The  light,  then,  which  falls  upon  the 
}>lane   /f,   being   suffered   to  pass  to  double    that 
"distance,  will  be  uniformly  spread  over  four  times 
the  space,    and  consequently   will    be  four  times 

•  Book  I.  Art.  57. 
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ihinner  in  every  part  of  that  space  ;  at  a  treble  dis-  ''<«' 
lance,  it  will  !:)€  nine  times  thinner;  and  at  a  quad- 
ruple distance,  sixteen  times  thinner,  than  it  was  at 
first ;  and  so  on,  according  to  the  increase  of  the 
square  surfaces  B,  C,  D,  E,  described  upon  the 
distances  AB,  AC,  AD,  AE^  Consequently,  tlie 
(luaiitilies  of  this  nirefied  light  recti\'ed  upon  a  sur- 
foce  of  any  given  size  and  shape  whatever,  removed 
successively  to  tliese  several  distances,  will  be  but 
one-fourth,  one-ninth,  one-sixtcenili,  respectively,  of 
the  whole  quantity  received  by  it  at  the  first  distance 
AB.  Or,  in  general  words,  the  densities  and  quan- 
tities of  light,  received  upon  any  given  plane,  are 
diminished  in  the  same  proporuon,  as  the  squares  of 
the  distances  of  that  plane,  from  the  luminous  body, 
are  increased  :  and  on  the  contrary,  are  increased  in 
die  same  proportion  as  these  squiires  are  diminished. 

170.  The  more  a  telescope  magnifies  the  discs  of  Why  i!jc 
the  Moon  and  planets,  so  much  the  dimmer  they  p'"'"''* 
appear  Umn  to  the  baie  eye ;  because  the  telescope  dimmer 
cannot  magnilj  die  quantity  of  light  as  it  does  the  '^'icn 
surface ;  aiid,  by  spreading  the  Mme  quantity  of  light  a^^ugh 
over  a  surface  so  mticli  larger  than  tlie  naked  eye  tele.cnpe« 
beheld,  just  so  much  dimuier  must  it  appear  when  l!j'"bi4 
viewed  by  a  telescqK',  than  by  the  liare  eye.  eye, 

171.  When  a  ray  of  light  passes  out  of  one  me- 
Jiiun*  into  another,  it  is  refracted,  or  turned  out  of 
its  first  course,  more  or  less,  us  ii  falls  more  or  less 
<iblk|uely  on  the  rei'racting  surface  n  hich  divides  the 


two  mediums.  This  may  be  proved  by  several  ex- 
iments  ;  of  wliich  we  shall  onlj  give  three  for  ex- 
iplc's  sake,      1.  In  a  bason,  FGH,  put  a  piece  of  Fig.  vili. 


mooey,  as  DB,  and  tlu-n  retire  from  it  to  A ;  that 
is,  till  Uic  edge  of  the  bason  at  E  just  hides  the 
money  from  your  sight;   then  keq>ing  your  head 

•  A  mciUuin,  in  tlui  wnsc.  Ss  sny  trMii[wrcnl  hnriw,  nr  that  ttirough 
which  the  rayxnTb^rmt  am:  us  oater,  (tliua,<Uwno[i(l.  ur;  unil 
even  a  vacaum  u  lomRiiDa  ullnl  a  medium. 


I        even  a  vacaum  u  lomi 


steady,  let  another  person  fill  tlie  bason  gently  ^ 
water.     As  he  fills  it,  you  will  see  more  and  mor^ 
Kcfr»c.     of  the  piece  DB ;  which  will  be  all  in  view  when  the 
lion  ofthc  bason  is  full,  and  appear  as  if  lilted  up  to  C.      For 
^J"       the  ray  AEB,  which  was  straight  while  tiie  bason 
-was  empty,  is  now  bent  at  the  surface  of  the  water 
in  E,  and  turned  out  of  its  rectilineal  course  into 
the   direction  ED.     Or,   in  other  words,   the    ray 
DEK,  that  proceeded  in  a  straight  line  from  the 
edge  D  while  the  bason  was  empty, and  went  above 
the  eye  at  .4,  is  now  bent  at  £,■  and  instead  of  going 
on  in  the  rectilineal  direction  DEKy  goes  in  the  an< 
gled  direction  DEA,  and  by  entering  the  eye  at  A 
renders  the  object  DB  visible.    Or,  2dly,  Place  tl 
bason  where  the  Sun  shines  obliquely,  and  obsen 
where  the  shadow  of  the  rim  E  tiills  on  the  boitoiq 
as  at  B:  then  fill  it  with  water,  and  the  shadow  i 
fall  at  D:  which  proves  that  the  rays  of  light,  fallii 
obliquely  on  the  suriace  of  the  water,  are  refractc 
or  bent  downward  iuto  it. 

172.  The  less  obliquely  the  rays  of  light  fall  upon 
the  surface  of  any  medium,  the  less  they  are  refract- 
cd ;  and  if  tliey  fall  perpendicularly  on  it,  ihty  are  not 
refracted  at  all.  For,  in  the  last  experiment,  tl  " 
higher  the  Sun  rises,  the  less  will  be  the  diiferew 
between  the  places  where  the  edge  of  the  shadffl 
falls  in  the  empty  and  in  the  full  bason.    And,  3d|j 

if  a  stick  be  laid  over  the  bason,  and  the  Sun's  n 
be  reflected  perpendicularly  into  it  from  a  lookir 
glass,  the  sliadowof  the  stick  will  lall  upon  the  sani 
place  of  the  bottom.,  whether  the  bason  be  full  < 
empty. 

173.  The  denser  that  any  medium  is,  the  morel 
light  refiiicted  in  passing  through  it. 

■jTieat-  !"*•  The  Karth  is  surrounded  by  a  thin  flui 

ino*pberc.  mass  of  matter,  called  tlie  atr  or  atmosphere,  which 
gnvilates  to  the  Earth,  revolies  with  it  in  its  diurnal 
motion,  and  goes  rouud  the  Sun  witli  it  every  year. 


^k^ 
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Concerning  the  Atmosphere. 

This  fluid  is  of  an  elastic  or  springy  nature,  and  its 
lowest  part,  being  pressed  by  the  weight  of  all  the 
air  above  it,  is  pressed  the  closest  together;  and 
therefore  the  atmosphere  is  densest  of  all  at  the 
Earth's  surface,  and  higher  up  becomes  gradually 
rarer.  "  It  is  ivell  known*  that  the  air  near  the  sur- 
face of  our  Karth  possesses  a  space  about  1200  times 
greater  than  \\ater  of  the  same  weight.  And  there- 
fore, a  cylindric  column  of  air  1200  feet  high,  is  of 
equal  weight  with  a  c)linder  of  ^vater  of  the  sanie 
breadth,  and  but  one  foot  high.  But  a  cylinder  of 
air  reaching  to  the  lop  of  the  atmosphere  is  of  equal 
weight  with  a  cylinder  of  water  about  33  feet  highj  ; 
and  therefore,  if  from  the  whole  cylinder  of  air,  the 
lower  part  of  1200  feel  high  be  taken  away,  the  re- 
m^tining  upper  part  will  be  of  equal  weight  with  a 
cylinder  of  water  32  feet,  high;  wherefore,  at  the 
height  of  1200  feet  or  two  furlongs,  the  weight  oi" 
the  incuml)ent  air  is  less,  and  consequently  the  rarity 
of  the  compressed  air  is  greater,  than  near  the  Karlh's 
surface,  in  the  ratio  of  33  to  32.  And  the  air,  at  all 
heights  wliaievcr,  supposing  tiie  expansion  thereof 
to  be  reciprocally  proportional  to  its  compression 
(and  this  proportion  has  been  proved  by  the  exi>eri- 
ments  of  Dr.  Hoake  and  others)  will  be  set  down  in 
the  following  table :  in  the  first  column  of  which 
you  hiive  the  height  of  the  air  in  miles,  whereof  4000 
make  a  semi-diameter  of  the  Earth;  in  the  second 
the  compression  of  the  air,  or  the  incumbent  weight ; 
in  the  third  its  rarity  or  expansion,  supposing  gravity 
to  decrease  in  the  duplicate  ratio  of  ttie  distances 
from  the  Karlh's  centre:  The  small  numeral  figures 
being  here  used  to  shew  what  number  of  cipher; 


must  be  joined  la  ihe  numbers  expressed  by  tl 
larger  Bgures,  as  0."  1224  lot  O.OOOOOOOOOOOOOt 
(X)  1224,  and  26956"  for  269S600000UUOOOOOO^^^ 


'■«> 

IfcisUi. 

Compfvtsimi. 

1     L»].»u»ifiii.' 

0 

as 

.    .  1 

5 

17.8515  .  . 

.   .  1.8486 

10 

9.6717  .  . 

.  .3.4151 

20 

2.852..  . 

..11.571 

40 

0.2S2S     . 

.  136.83 

400 

0."1224. 

269.56" 

4000 

0.""4465 

73907'" 

40000 

0."'162S 

26263'" 

400000 

0.'°'7S95 

41798"' 

4000000 

0.=  "9878 

33414'" 

Infinite. 

o."=ra4i 

54622"' 

^^^P  From  the  above  table  it  appears  that  the  air 

^^^  proceeding  upward  is  rjirified  in  such  manner,  th 

a  splterc  of  tliat  air  wliich  is  nearest  the  Karth  bl 
of  one  incli  diameter,  if  dilated  to  an  equal  rarel'ai 
tioii  with  that  of  the  air  at  the  height  of  ten  senii.dl 
meters  of  the  Karth,  would  fill  up  more  space  ih 
is  contained  in  the  whole  heavens  on  this  hide  t 
fixed  stars.  And  il  likewise  appears  tliat  die  Mo 
does  not  move  in  a  perfectly  free  and  unresisti: 
medium;  althongh  the  air,  at  a  height  equal  to  h 
distances,  is  at  least  34.00"*  times  thinner  than 
the  Earth's  surface  i  and  therefore  cannot  resist  he 
motion,  so  as  to  be  sensible,  in  many  ages, 
iti  weight  175.  The  weight  of  the  air,  at  the  Eartii's  sui 
foiwd,  f*ce,is  found  by  experiments  made  with  the  air-pum| 
and  also  by  the  quantity  of  mercury  that  the  atmoi 
phere  balances  in  tlie  barometer  ;  in  w  hich,  at  a  mea 
state,  the  mtrcury  stands  29^  inches  high.  And 
the  tube  were  a  square  inch  «'ide,  it  would  at  th 
height  contain  29^  cubic  inches  of  mercury,  whic 
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list  15  pounds  weight;  and  so  much  weight  of 
r  every  square  inch  of  tht:  Eanli's  surface  sustains ; 
and  conseqiitntly  every  square  foot  144  times  as 
much.  Now,  aa  the  Earth's  surface  contains,  in 
round  numbers,  200,000,000  square  miles,  it  must 
contain  no  less  tlian  5,575,680,000,000,000  square 
feet;  which  being  multiplied  by  2160,  the  number 
of  pounds  on  each  square  foot,  amounts  to  1:2,043, 
468,800,000.000,000  pounds,  for  the  weight  of  the 
whole  atmosphere.  At  this  late,  a  middle-sized  man, 
whose  surface  is  about  15  square  feet,  is  pressed  by 
32,400  pounds  weight  ot  air  all  around;  for  fluids 
press  equally  up  and  down,  and  on  all  sides.  But, 
because  this  enormous  iveight  is  equal  on  all  sides, 
and  counterbalanced  by  the  spring  of  the  air  diffused 
through  all  parts  of  our  bodies,  it  is  not  in  the  least 
degree  felt  by  us. 

ITS.  Oftentimes  the  state  of  the  air  is  such,  thatAi 
we  fcel  ourselves  languid  and  dull;  which  is  com- J^J^J^^ 
monly  thought  to  be  occasioned  by  the  air's  being  weight  of 
foggy  and  heavy  about  us,     But  tliut  the  air  is  ihen'''*  »■'" 
too  light,  is  evident  from  the  mercury's  sinking  in 
the  barometer,  at  which  time  it  is  generally  ioimd 
that  the  air  has  not  sufficient  strength  to  bear  up  the 
vapours  wlilch  compose  the  clouds,  for  when  it  is 
otherwise,  the  clouds  mount  liigh,  and  the  air  is  more 
clastic  and  weighty  above  us,  by  which  means  it 
babnces  die  internal  spring  of  Uie  air  within  us, 
braces  up  our  blood-vessels  and  nerves,  and  makes 
Us  brisk  and  lively. 

177.  According  to  *  Dr.  Keill,  and  other  astro-  wiihoui 
nomical  writci-s,  it  is  entirely  owing  to  the  atmos-  ^e'^^^^ 
pliTPc  that  the  heavens  appear  brigtit  in  ihc  day-  hovcnji 
time.  For,  without  an  atmosphere,  only  tliat  part  *""''' »i- 
of  the  heavens  would  shine  in  which  the  Sun  was  pear  dark, 
placed :  and  if  we  could  live  without  air,  and  sliould  »''''  j™ 
turn  our  backs  toward  the  Sun,  the  whole  heavens  l,""  no 

twiUght. 
*  S«e  till  Astr(r.otnT.  p.  333. 
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would  appear  as  dark  as  in  tlie  night,  and  the  ai 
would  be  seen  as  clear  as  in  the  nocturnal  sky. 
this  case,  we  should  have  no  twilight ;  but  a  sudi 
transition  from  the  brightest  sun-shine  to  the  bla< 
est  darkness,  immediately  after  sun-set;  and 
the  blackest  darkness  to  tlie  brightest  sun-shii»e, 
sun-rising;  which  would  be  extremely  inconvenw 
if  not  blinding,  to  all  mortals.  But,  by  means  of  tl 
atmosphere,  we  enjoy  the  Sun's  ligtit,  reflected  from 
the  aerial  particles,  ibr  some  time  before  he  rises, 
and  after  he  sets.     For,  when  the  £arth  by  its  roi 
tion  has  withdrawn  our  sight  from  the  Sun,  tlie 
mosphere  being  still  higher  than  we,  has  the  Sua! 
light  imparled  to  it ;  which  gradually  decreases  unl' 
he  has  got  18  degrees  below  the  horizon  ;  and  ih< 
all  that  part  of  the  atmosphere  which  is  above  us 
dark.     From  the  length  of  twilight,  the  Doctor  " 
calculated  tlie  height  of  the  atmosphere  fso  far  as 
is  dense  enough  to  reflect  any  light)  to  be  about 
milts.     But  it  is  seldom  dense  enough  at  tlie  heij 
of  two  miles  to  bear  up  the  clouds. 

178.  The  atmosphere  refracts  the  Sun's  rays 
'as  to  bring  \vm  in  sight  every  clear  day,  before 

rises  in  ihf  horizon ;   and  to  keep  him  in  view  fc 
some  minutes  after  be  is  really  set  below  it.  For, 
some  times  of  the  year,  we  see  the  Sun  ten  minui 
longer  above  the  horizon  than  he  would  be  if  thi 
were  no  refraction;  and  above  six  minutes  every 
at  a  mean  rate. 

179.  To  illustrate  this,  let  lEK  be  a  part 
the  harth's  surface,  coxered  with  the  atmosphtTC 
HGFC:  and  let  HEO  be  the  sensible  horizon* 
of  an  observer  at  E.  Wlun  the  Sun  is  at  A^  realty 
below  the  horizon,  a  ta'j  of  light,  AC,  proceeding 
from  him  cortfcs  straight  to  C,  where  it  falls  on 
the  surface  of  the  atmosphere,  and  there  cnicrii 
a  denser  medium,  it  is  turned  out  of  its  rectilii 


*  As  ^  as  one  can  see  round  him  on  the  E^rthi 


nnjB 


Concerning  the  Atmosphere.  125 

course  ACdG,  and  bent  down  to  the  observer's  eye 
at  E ;  who  then  sees  the  Sun  in  the  direction  of  the 
refracted  ray  Ede^  which  lies  above  the  horizon,  and 
being  extended  out  to  the  heavens,  shews  the  Sun 
at  B,  i  171. 

180.  The  higher  the  Sun  rises,  the  less  his  rays 
are  refracted,  Because  they  fall  less  obliquely  on  the 
surface  of  the  atmosphere,  J  172.  Thus,  when. the 
Sun  is  in  the  direction  of  the  line  EJ'L  continued, 
he  is  so  nearly  perpendicular  to  the  surface  of  the 
Earth  at  Ej  that  his  rays  are  but  very  little  bent 
from  a  rectilineal  course. 

181.  The  Sun  is' about  32^  min,  of  a  c^eg.  inxhequm- 
breadth,  when  at  his  mean  distance  from  the  Earth ;  tity  oi  re- 
and  the  horizontal  refraction  of  his  rays  is  33|  min.  ^''**^^®"' 
which  being  more  than  his  whole  diameter,  brings 

all  his  disc  in  view,  when  his  uppermost  edge  rises 
in  the  horizon.  At  ten  deg.  height,  the  refraction 
is  not  quite  5  min. ;  at  20  deg.  only  2  min.  26  sec; 
at  30  deg.  but  1  min.  32  sec. ;  and  at  the  zenith,  it 
is  nothing :  the  quantity  throughout,  is  shewn  by  the 
following  table,  calculated  by  Sir  Jsaac  Newton. 
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182. 

A  Table  ahewing  the  Refractions  qf  the     1 
Suriy  Moony  and  Stars;  adapted  to  their     | 

afifiarent  Altitudes. 

Appar. 

Refrac- 

Ap 

l^efrac-  ||  Ap. 

Refrac- 
tion. 

Alt. 

tion. 

Ail 
D. 

• 

tion. 

Alt. 
D. 
56 

D. 

M. 

M.     S. 

M.     S. 

M.    S. 

0 

0 

33     45 

21 

2      18 

0     36  , 

0 

15 

30     24 

22 

2      11 

57 

0     35 

0 

30 

27      35 

23 

2        5 

58 

0     34 

0 

45 

25      11 

24 

1      S9 

59 

0     32 

1 

0 

23        7 

25 
26 

1      54 

60 

0     31  ! 

1 

15 

21      20 

1      49 

61 

0     30  . 

1 

30 

19     46 

27 

1      44 

62 

0     28 

1 

45 

18     22 

28 

1      40 

63 

0     27 

2 

0 

17       8 

29 

1      36 

64 

0     36 

2 

30 

15        2 

30 

1      32 

65 

0       25    : 

m 

3 

0 

13     20 

31 

1      28 

66 

0     24 

3 

30 

11      57 

32 

1      25 

67 

0     23 

4 

0 

10     48 

3^ 

1      22 

68 

0     22 

4 

30 

9     50 

34 

1      19 

69 

0     21 

5 

0 

9        2 

35 
36 

1      16 

70 
71 

0     20 

5 

30 

8     21 

1      13 

0      19 

6 

0 

7     45 

37 

1      11 

72 

0      18 

6 

30 

7      14 

38 

1        8 

73 

0      17 

7 

0 

6     47 

39 

1        6 

74 

0      16 

7 

30 

6     22 

40 
41 

1        4 

75 

76 

0      15 

8 

0 

6       0 

1        2 

0      14 

8 

30 

5      40 

42 

1        0 

77 

0      13 

9 

0 

5     22 

43 

0     58 

78 

0      12 

9 

30 

5        6 

•    44 

0     56 

79 

0      11 

10 

0 

4     52 

45 

* 

46 

0      54 

80 
81 

0      10 

11 

0 

4     27 

0     52 

0       9 

12 

0 

4        5 

47 

0      50 

82 

0        8 

13 

0 

3     47 

48 

0      48 

83 

0        7 

14 

0 

3     31 

49 

0     47 

84 

0        6 

15 

0 

3      17 

50 
51 

0     45 

85 

0        5 

16 

0 

3       4 

0     44 

86 

0       4 

17 

0 

2     53 

52 

0     42 

87 

0        3 

18 

0 

2     43 

53 

0     40 

88 

0        2 

19 

0 

2     34 

54 

0     39 

89 

0        1 

^20 

0 

2     26 

55         0     38    J    9.; 
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,  In  all  observations,  to  obtain  the  true  alti-  ^'"f'  ^'■ 
tudc  of  the  Sun,    Moon,    or  btars,  the  refraction       . 
must  he  subtracted  from  the  observtd  altitude.  But  coMuiicy 
the  quantity  of  refraction  Is  not  alwa)'s  the  sameo'"'^f''w- 
at  the  same  altitude ;  because  heat  diminishes  the  *'*"'*' 
air's  refractive  power  and  density,  and  cold  increases 
both  (  and  therefore  no  one  table  can  strve  precisely 
for  the  same  place  at  all  seasons,  nor  even  at  all 
times  of  the  same  day,  much  less  for  different  cli- 
mates ;  it  having  been  observed  that  the  horizontal 
refractions  are  near  a  llijrd  part  less  at  the  equator 
than  at  Paris.     This  is  menlioiied  by  Dr.  Smith 
in  the  37nth  remark  on  his  Optics,  where  the  follow, 
iiig  account  is^ivenof  an  extraordinary  refraction 
of  the  Sunbeams  by  cold.     *'  There  j^  a  femous  a  very  re- 
observation  of  this  kini!  made  by  bome  //o//anrffrs'"a'''"We 
th;it  wintered  inXova-Zemhla  in  the  year  1596,  who^l^^j^" 
were  sui-prised  to  find,  that  afier  a  continual  night  reftK- 
of  three  months,  the  Sun  began  to  rific  seventeen  ''°°** 
days  sooner  than  according  to  computation,  dedu- 
ced from  Uiealtuude  of  die  pole,  observed  to  be  76°; 
nvhich  cannot  olherM'ise  be  accounted  for,  llian  by 
an  extraordinarj'  refmction  of  the  Sun's  rays  passing 
through  the  cokl  dense  air  in  that  climate.     Kepler 
computes  that  llie  Sun  was  almost  five  degrees  be- 
low the  horizon  when  he  first  appeared  i  and  conse- 
querilly  the  refraction  of  his  rays  was  about  nine 
umes  greater  than  it  is  with  us." 

184.  The  Sun  and  Moon  3pj)ear  of  an  oval  figure, 
as  PCQD,  just  after  their  rising,  and  before  their  Fig.  x 
^tting :  tlie  reason  of  which  is, — the  refraction  be- 
ing greater  in  thr  horizon  than  at  any  clistauce  above 
it,  iSe  lower  limb  G  is  more  elevated  by  it  than  tlie 
upper.  But  altliough  tlie  refraction  shortens  the 
vertical  diameter  FG,  it  has  no  sensible  effect  on  the 
horizontal  diameter  C/J,  which  is  all  equally  elcvat* 
cd.     N\'hen  th«  refraction  is  so  small  as  to  be  im- 
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perceptible,   the  Situ  and  Moon    appear  periccH 
round,  txsAEBF.  i 

Our  ima.      \Q^^  Wlicn  we  liave  notliing  but  our  imagination! 
farn'ot"    assist  US  in  estimating  distances.  \ie  arc  liable  to  I 
judge       deceived ;  for  bright  objects  seem  nearer  to  us  tlu 
o'rthe'di*.  those  which  are  less  bright,  or  than  the  same  objcq 
t»nce  or    do  when  they  appear  less  bright  and  worse  define! 
'  even  though  their  distance  be  the  same.    And  if  1 
both  cases  they  are  seen  under  the  same  angle*,  < 
imaginaiion  naturally  suggests  an  idea  of  a  greafl 
distance  between  us  and  those  objects  which  apw 
fainter  and  worse  defined  than  those  «  hich  appi 
brighter  under  the  same  angles;  especiiilly  if  th 
be  such  objects  as  ivc  were  never  near  to,  and| 
whose  real  inaguitLidcs  we  can  be  no  judges  I 
sight. 

186.  But  it  is  not  only  in  judging  of  the  diffeit 
apparent  magnitudts  of  the  same  objects,    nhi|| 
are  better  or  worse  defined  by  their  being  more  | 
less  bright,  that  we  may  be  deceived  :  lor  we  i 
make  a  wrong  conclusion  even  when  we  view  iJ 


i.t  ■?■ 


*  The  nearer  an  nbject  U  to  the  mie,  the  big'^r  it  appears,  and 
it  b  seen  under  the  greater  angle.  To  iUustrate  ihU  a  little,  suppose 
an  arrow  in  the  position  IK,  jierpendicular  to  ibe  right  line  tU, 
drawn  from  llie  eye  at  H  ihrtrngh  iht  niiiWle  of  the  arrow  m  O.    k 
is  plain  that  the  arrow  is  S4^en  under  the  angle  IHK,  nti<l  lh.it  A& 
which  is  its  di&tiuio  fi-nm  the  eye,  divides  into  halves  both  the  i 
row  und  the  nnplc  under  wlijch  it  is  KWn,  viz.  the  arrow  into  4 
0K[  and  the  sjirIc  Into  1 110  and  KHO:  and  this  will  be  i 
case  al  whatever  distance  tlie  arrow  is  placed.    Lei  now  ihree  i 
rows,  all  ai  the  same  length  with  IK,  be  placed  at  the  disilKiK 
H.1,   UCH,    H,  still  jper|)erdiculat  to,  and  iMstcted  by  the  t"- 
line  H~i;  then  will  AB,  CD,  KF,  he  each  equal  to,  and  t«pre 
0 1;  and  AB  (ihe  umie  as  Oti  will  be  seen  mitn  //under  the  a: 
AHB ;  but  CU  (ihe  samr  aa  01}  will  be  seen  under  the  onRfc  C/L , 
or^Wf.;  and  A'>'{lhessfncas  O/J  will  be  seen  under  ihe  anrir 
iiHF,  or  CH\,  r.r  AHM.     Alsn  EF.  or  O/,  at  the  diilance  HJi. 
will  anpeftr  as  loiiR  as  O.V  would  at  the  distance  UC,  or  as  AM 
would  at  tl*  distance//./;  and  CD,tx  /0,;itihe  distance  flC,  wiO 
appear  as  long  as  Al.  would  at  the  distance  ILi.  So  that  ts,  a 
jeci  approaches   llie  fve,  both   its  niflEnitudc  and  the  angle  t  -__ 
whicli  n  b  seen  increase  ;  aod  the  contrary  as  the  object  recedei.  I 
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under  equal  degrees  of  brightness,  and  under  equal 
angles;  alihough  they  be  objects  whose  bulks  we  .-ire 
fjeiicrally  acr]u;iiiited  with,  such  as  houses  or  trees ; 
ibr  proof  of  \\  hich,  the  two  Ibllowing  instances  maj 
suffice : 

First,  When  a  house  is  seen  over  a  very  broaf'The  i*». 
river  by  a  ;>ers<)n  standing  on  a  low  ground,  whoj?"^' 
sees  nothing  of  the  river,  nor  knows  of  it  before- 
hand ;  the  breadth  of  the  river  being  hid  from  him, 
because  the  bunks  seem  contiguous,  he  loses  the 
idea  of  a  distance  equal  to  Lliat  breadth ;  and  the 
house  seems  small  because  he  refers  it  to  a  less  dis- 
tance than  it  really  is  at.  But  if  he  goes  to  a  place 
from  which  the  river  and  interjacent  ground  can  be 
seen,  though  no  farther  from  tlie  house,  he  then  per- 
ceives the  house  to  be  at  a  greater  distance  than  he 
bad  imagined ;  and  therefore  fancies  it  to  be  bigger 
than  he  did  at  first;  although  in  both  cases  it  ap- 
pears under  the  same  angle,  and  consequently  makes 
no  bigger  picture  on  the  retina  of  his  eye  in  the  lat- 
ter case  than  it  did  in  the  former.  Many  have  been 
deceived  by  taking  a  red  coat-of-arms,  fixed  ujwn 
the  iron  gate  in  Clare-Hall  walks  at  C<iml>ridge,  for 
a  brick  house  at  a  much  greater  distance.*  fiok  li. 

Secondly,  In  foggy  weather,  at  first  sight,  we 
generally  imagine  a  small  house  which  is  just  at 


*  The  fields  whldi  mp  beyond  t!ie  gate  rise  gradually  till  they  are 
iust  teen  merit;  and  the  arms  being  red,  are  often  mistakim  for  a 
nouBC  at  a  conudendile  disuace  in  those  fields. 

I  cncc  Diet  with  a  curious  deception  in  a  gentleman's  garden  at 
Hatknry,  occasioned  by  a  large  pane  of  g!a.><s  in  the  garden  wall  at 
jome  distance  from  hi»  Itoiue.  The  glnss  (through  which  the  sky 
waiMcntrom  low  ground)  reflected  a  very  fubt  image  oftlie  house; 
liut  die  image  seemed  to  be  in  (he  cloutTN  near  the  horizon,  and  at 
that  £ii>iic«  looked  as  if  it  were  a  huge  casile  in  the  air. — Vet  ilie 
an^e,  onder  which  the  image  appeared,  was  equal  to  that  iiniteT- 
wli;ch  the  bouse  was  seen :  but  the  image  being  meDtully  referred 
to  a  mtich  greater  di*IaDCe  than  the  house,  appeared  murh  biKHjcr 
to  the  itnsgiiiation. 


riait  II.  hand,  to  be  a  great  castle  al  a  d  4anre;  because  'A 
apiiears  so  dull  and  ill-defmcd   .^  hen  sten  ihroti| 
the  mist,  tliat  we  lefer  it  to  a  much  greater  dist 
than  it  really  i'jat;  and  therefore,  under  the  sai 

p.    j,jj  angle,  we  judge  it  to  be  much  liigger.     For,  1 

near  object  P£,  seen  by  the  eye  ABD,  appears 
'  under  the  same  angle  GC//^ that  thf  remote  object 
GUI  iocs:   and  the  rays  GFC.V  and  NECA' 
crossing  one  another  at  C*  in  the  pupil  of  the  ey 
limit  ll^  sJ2e  of  the   picture  MjV  on  the   retin 
which  is  the  picture  of  the  object  FE;  and  if  Fi 
were  taken  away,  would  be  the  picture  of  the  ob- 
ject GHl,  only  worse  defined;  because  G/// being 
farther  off,  appears  d  jUer  and  fainter  than  /'7i  did. 
But  when  a  fog,  as  AX,  comes  between  the  eye 
and  the  object  /'Vi",  the  object  appears  dull  and  ill 
defined  like  GHf^  ^vhich  causes  our  imagination 
refer  FE  to  the  greater  distance  C'll,  instead  of  l" 
small  distance  C£,  which  it  really  is  at.     And  Ci 
sequently,  as  misjudging  the  distance  does  not  il 
the^east  diminish  ihe  angle  under  which  the  object 
Appears,  the  small  hayrick  FE  seems  to  be  as  iag 
as  GN/. 

187.  The  Sun  atid  Moon  appear  bigger 
horizon  than  at  an)'  considerable   height  above 
These  luminaries,  although  at  great  distance; 
the  Earth,  appear  floating,  as  it  were,  on  the  sui 
of  our  atmosphere  flG  Ffe  C\  a  little  way  beyoi 

Why  the  the  clouds;  of  which  thos6  about  F,  directly  ov 

Sun  and    our  hcads  at  E,  are  nearer  us  than  those  about  If 
"^."  e  in  the  horizon  NEe.     Therefore,  when  the 
ihe  or  Moon  appears  in  the  horizon  at  e,  thty  are 
"■    only  seen  in  a  part  of  the  sky,  which  is  really  fttrtl 
from  us  than  if  they  were  at  any  considerable  all 
tude,  as  about/;  but  they  are  also  seen  through' 
greater  quantity  of  air  and 'vapours  at  e  than  at  ^ 
Here  wc  have  two  concurring  appearances  which  de- 
ceive our  imagination,  and  cause  us  to  refer  the  Sun 


iCCt      , 

i 

Ob-      ' 

ing 
lid. 
eye 
ill 

M 

iecl    ill 


rijix 


E. 


Horitmtal  Moon  explmned*  131 

« and  Moon  to  a  greater  distance  at  their  rising  or  settin|> 
about  ^,  than  when  they  are  considerably  high  as  at/ V 
first,  their  seeming  to  be  on  a  part  of  the  atmosphere 
at  ^,  which  is  really  farther  thanyTrom  a  spectator  at 
E;  and  secondly,  their  being  seen  through  a  grosser 
medium,  when  at  ^,  than  \vhen  aty>  which,  by  ren- 
dering them  dimmer,  causes  us  to  imag>.e  them  to 
be  at  a  yet  greater  distance.  And  as,  in  both  cases, 
they  are  seen*  much  under  the  same  angle,  we  na- 
turally judge  them  to  be  biggest  when  they  seem 
ferthest  from  us ;  like  the  abovementioned  bouse, 
§  186,  seen  from  a  higher  ground,  which  shewed  it 
to  be  forther  ofFtlian  it  appeared  from  low  ground; 
or  the  hay- rick,  which  appeared  at  a  greater  distance 
by  means  of  an  interposing  fog. 

188.  Any  one  may  satisfy  himself  that  the  Moon  Their  ap. 
appears  under  no  greater  angle  in  the  horizon  than  parent  di- 
on  the  meridian,  by  taking  a  large  sheet  of  paper,  ^J^^n^ 
and  rolling  it  up  in  the  form  of  a  tube,  of  such  aiessonUie 
width,  that  observing  the  Moon  through  it  when  she  JJ^'f^^ 
rises,  she  may,  as  it  were,  just  fill  the  tube ;  then  tie  horizon. 

a  thread  round  it  to  keep  it  of  tliat  size ;  and  when 
the  Moon  comes  to  the  meridian,  and  appears  mucli 
less  to  the  eye,  look  at  her  again  through  the  same 
tube,  and  she  will  fill  it  just  as  much,  if  not  more, 
Aan  she  did  at  her  rising. 

189.  When  the  full  Moon  is  in  perigee^  or  at  her 
least  distance  from  the  Earth,  she  is  seen  under  a 
larger  angle,  and  must  therefore  appear  bigger  than 
when  she  is  full  at  other  times ;  and  if  that  part  of  the 
atmosphere  where  she  rises  be  more  replete  with 


*  The  Sim  and  Moon  subtend  a  greater  angle  on  the  meridian 
than  in  the  horizon,  b^g  nearer  the  observer's  place  m  the  former 
can  than  hi  the  latter. 
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vapours  than  usual,  she  appears  so  much  the  dira 
inerj  and  therefore  we  fancy  lier  to  be  still  the  bitf 
ger,  by  referring  her  to  an  unusually  great  distance 
knowing  th;it  no  objects  which  iire  very  far  clists 
can  appear  big  iniless  they  be  really  so. 


77ie  Afethod  of  finding  the  Distances  of  the*. 
Moon,  and  Piancts. 


THOSE  who  have  not  Icanit  how  to  taki 
the  *aUitn'le  of  any  celestial  phenome 


190. 

non  by  a  common  quadrant,  nor  know  any  thing  c 
plane  trigonometrVi  niay  pass  over  the  first  article  o 
tliis  short  chapter,  and  take  the  astronomer's  wen 
for  it,  that  the  distances  of  the  Sun  and  planets  ar 
as  stated  in  the  first  chapter  of  this  book.  Bt]t,  t 
every  one  who  knows  hoiv  to  take  the  altitude  ofth 
Sun,  the  Moon,  or  a  star,  and  can  sohe  a  plane  righ 


•  The  altiiui^e  of  anf  celesiial  objpcl,  is  an  arc  of  the  sky  in 
ted  between  (he  horizan  and  ihe  object.  In  Fig,  yi,  of  Piatt  //.  |i. 
IfOX  le  &  horizantal  line,  supposeil  to  be  extended  frfim  the  eye  ■ 
.fto.V,  where  the  sky  and  Karih  seem  to  meet  at  the  end  of  a  Inn 
and  level  plane;  anil  let  5  l>c  the  Sun.  The  arc  XY  niU  be  th 
bun'i  heicht  above  the  hniizna  at  .V,  and  Is  fuund  by  [lie  instnimet- 
HCD,  which  b  a  quadrantal  board,  or  plate  of  metal,  divided  inti 
SO  eqiiat  parts  or  degrees  on  its  limb  OPC,  anil  Um  a  couple  ijf  l\b 
tie  brass  pLitea,  as  a  and  A,  witli  a  small  hole  in  each  of  lliem,  caO 
^4isbi-holei,  for  looking  through,  parallel  to  the  edge  oF  the  ouftd 
rant  which  they  stand  on.  To  the  centre  E  is  fixed  out  end  cj  i 
thread  /',  called  the /i/umWfnc,  whidi  has  a  small  weight  or  plum 
met  P  fixed  to  its  other  end.  Now.  if  nn  uliservtr  hiJd  the  auad 
rant  uprii;ht,  without  inclining  it  to  either  side,  and  bo  th»t  tlie  nnrl 
son  at  .Vis  seen  through  the  Fi^i-hnlesn  and  b,  the  pluinh-lioe  wS 
cut  or  hanenver  the  beginning  of  tlie  degrees  nl  0,  b  tlieetlEejKC 
but  if  he  etevAte  tiK  quadrant  so  as  to  look  through  the  »^i-hi ' 
at  an]'  part  of  the  heavens,  suppooc  ihe  Sun  xt  ■$,  j<ist  no  nuuny 
grecs  us  he  elevates  tlie  aght-Uote  ft  above  the  horiioutal  line  £R 
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angled  triangle,  the  following  method  of  finding  the  Plate  ir. 
distances  oftJic  Sun  and  Moon  will  be  easily  under- 
stood. 

Let  BJG  be  one  half  of  the  Earth,  AC  its  semi-  ^  j 
diameter,  S  the  Sun.  tn  the  Moon,  and  EKOL,  a 
quarter  oi'  the  ciicic  described  by  the  Moon  in  re- 
volving from  the  meridian  to  the  meridian  again. — ■ 
Let  illiS  be  the  rational  horizon  of  aii  observer  at 
A,  extended  to  the  Sun  in  the  heavens ;  and  HAO 
his  sensible  horizon,  extended  to  the  Moon's  orbit. 
ALC  is  the  angle  under  which  the  Earth's  semidi- 
ameter^C  is  seen  from  the  Moon  at  Z.,  which  is  equal  ■ 
to  the  angle  OAL,  because  tJie  right  lines  AO  and 
tX,  which  include  both  these  angles,  arc  parallcL 
^^Cistheangle  under  whichthe  Earth's  scmidiame-  ■ 
Icr  AC  is  seen  from  tiie  bun  at  5,  and  is  equal  to 
the  angle  OAf:  because  the  lines  ^O  and  CHS  are 
parallel.  Now,  it  is  found  by  obsei  vation,  that  ihc 
angle  OAL  is  much  greater  than  the  angle  OAf: 
but  OAL  is  equal  to  ALC,  and  OA/  is  equal  to 
ASC.  Now,  as.'JiX' is  much  less  than  ^iC,  it 
proves  that  the  Earth's  semidiamtter  .^fC  appears 
much  greater  as  seen  from  the  Moon  at  L,  ihaa 
from  the  Sun  at  S;  and  therefore  the  Earth  is  much 
farther  from  the  Sun  than  fromlhe  Moon.*     The 


w  mnnv  ilegKcs  will  the  plomb-line  cue  in  tlic  limb  CP  ot  the  qiiad- 
niit.  tot.  let  ihe  ohstrvrr's  cjv  at  ^  br  in  the  centre  or  Che  celes- 
tial arc  Xyy,  (und  he  mav  be  iiud  Co  be  In  ibe  centre  bi  the  Sun's 
apparent  iliumnl arlut,  let  tiim  bean  whaCpttrt  of  ilielurtliliewill) 
ID  wbidt  arc  the  ^i  is  a>  that  time,  stippoK  25  (kerees  high,  and  let 
the  observer  hnW  the  quadrant  m>  itiat  he  may  see  the  !iun  ihmu^ 
the  i^iUioies ;  the  pUimb-Une  freely  pkpnji  on  tlie  <]UU(lraiit  will 
cut  ilieZith  (lej^ree  hi  the  limb  CP,  equal  (ollie  number  of  degrees 
of  iheSuii'iialtinuic  nt  the  (itiie  oi  otMcrvatiiin. 

^V.  B.  Wtucver  b<olu  !it  the  Sun  trout  have  a  smoked  gbn  be< 
fcrchiaeyintoMve  tbrm  from  huru  ITic  better  way  is  not  to  1™* 
Bt  the  Swi  throueh  the  ve^t-bolca,  but  to  hcldthc  r|uadriin<  facin; 
the  eye  u  ■  little  (Uatancc,  and  to  thiit  the  San  sinning  through  odc 
hole,  iheraymaybeiccntQbllanchcoUiEr* 

•SwttwMMoDflU. 
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nuantities  of  these  angles  may  be  determined  by  c 
scrvation  in  Ihe  followiii}^  manner : 

Let  a  graduated  inbtriimcnt,  as  DAE,  (Uie  larg. 
er  the  better,)  having  -a.  moveable  Index  with  sight, 
holes,  be  fixed  in  sueh  a  manner,  that  its  plane  sur 
face  may  be  piiraUel  to  tlie  plane  of  the  equator,  and  iti 
edge.T(/5  in  the  plane  of  the  meridian :  so  thai  when  tb( 
Moon  is  in  the  equinoctial,  and  on  the  mcridiaa 
ADE,  she  may  lie  seen  tiirougU  the  sight-hoJe^ 
ivhcii  the  edge  of  tlie  moveable  index  cuts  the  be-, 
ginning  of  the  divisions  at  0,  on  the  graduated  limb 
DE:  and  when  she  is  so  seen,  let  the  precise  time 
be  noted.  Now,  as  tlie  Moon  revolves  about  tbe 
Karth  irom  the  meridian  to  the  meridian  again  i^ 
about  24  hours  4H  minutes,  she  wilt  go  a  foimtt 
part  round  it  in  a  fourth  part  of  that  time,  viz.  in. 
BIX  hours  twelve  minutes,  as  seen  from  C",  that  is, 
from  the  Earth's  centre  or  pole.  But  as  seen  from 
.4,  the  observer's  place  on  the  Earth's  surface,  the 
Moon  will  seem  to  have  gone  a  quarter  round  tlie 
Earth  when  she  comes  to  the  sensible  horizon  at  O; 
for  U»c  index  through  the  sights  of  which  she  is  then 
viewed,  ivill  be  at  </,  90  degrees  from  />,  where  it 
was  when  she  was  seen  at  E,  Now  let  tlie  exw 
moment  when  the  Moon  is  seen  at  O  (which  wiUb 
when  she  is  in  or  near  the  sensible  horizon)  be  caj 
fully  noted*,  that  it  may  be  known  in  what  time  s 
has  gone  from  E  to  O ;  which  lime  subtracted  froo 
0  hours  12  minutes  (the  times  of  her  going  fromi 
to  LJ  leaves  tlie  time  of  her  going  from  O  to  X 
j*°?°'*  and  aflbrds  an  easy  method  for  finding  the  ai^l4 
piraiuut  OAL,  (ealled  the  MooTt''s  horizontal  parallax,  whicfi 
-*■-'        is  equal  to  the  angle  .iL(^J  by  the  Ibllowing  a"'* 


*  Here  proper  allowance  must  be  ititide  for  Uie  Tcfraciiou,  whidi 
l>eing  ^Mut  34  minuteial  n  df^grec  m  the  Iwrixon,  wili  cause  itM 
moon's  «ntre  to  appear  34  eninutea  above  itc  horitou  when  herccn< 
tre  isreaUy  in  it. 


Planets. 
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r^:  As  the  time  of  the  Moon's  describing  the  arc 
^Ois  to  90  degrees,  so  156  hours  12  minutes  to 
the  degrees  of  the  arc  Dde,  which  measures  the  an- 
gle EAL  ;  from  which  subtract  90  degrees,  and 

'     there  remains  the  angle  OA  L,  equal  to  the  angle 
.41jC,  under  which  the  Karth's  semi-diameter  ^C  is 
seen  from  the  Moon.    Now,  since  all  tlie  angles  of  a 
right-lined  triangle  are  togetlier  equal  to  ISOdegrees, 
or  to  two  right  angles,  and  the  sides  of  a  triangle  are  al- 
ways proportional  to  the  bines  of  the  opposite  an-_. 
gles,  say  by  the  Rule  nf  Three,  as  the  sine  of  thcMoon'g 
angle  ALC^  at  the  Moon  L,  is  to  its  opposite  side^'*""*? 
AC,  the  Earth's  semi-diameter,  which  is  known  tod  ™"' 
be  3985  miles,  so  is  radius,  viz.  the  sine  of  90  de- 
grees, or  of  the  right  angle  AL  C,  to  its  opposite  side 
ADy  which  is  the  Moon's  distance  at  L  from  the 

,  observer's  place  at  A,  on  the  Earth's  surface ;  or,  so 
is  the  sine  of  the  angle  CAZ.  to  its  opposite  side  C'Z., 
which  is  the  Moon's  distance  from  the  Earth's  cen* 

I  tre,  and  comes  out  at  a  mean  rate  to  be  240,0Q0 
miles.  The  angle  CAL  is  equal  to  what  OAZ.  wants 
of  90  degrees. 

191.  'i'he  Sun's  distance  from  the  Earth  might ]^^'=^^"^'» 
be  found  in  the  same  way,  though  with  more  diffi-  dn^t'^be 
ciilty,  if  his  horizontal  parallax,  or  the  angle  O^S,)''""  «»- 
.equal  to  the  angle  ASC,  were  not  so  small,  as  lobe^r^^jn^ 
hardly  perceptible;  being  scarce  10  seconds  of  a »* the 
minute,    or  the  360di   part   of  a  degree.      But'^'^"'' 
the  Moon's  horizontal  parallax,  or  angle  OAL, 
equal    to  (he  angle   Al,C,    is    very  disceniible, 
being  57'  18",  or  3438"  at  its  mean  state;  which 
is  more  than  340  limes  as  great  as  the  Sun's  :  and, 
thcrrfbrc,  the  distances  of  the  heavenly  bodies  being 
inversely  as  the  tangents  of  their  horizontal  parallax- 
es, the  Sun's  distance  from  tlie  Earth  is  at  least  340 
times  as  great  as  the  Moon's :   and  is  rallier  under- 
rated  at  81  millions  of  miles,  when  the  Moon's  dis- 
tance is  certainly  known  to  be  240  tliousand.    Bui 
S 
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The  Sun 

be  much 

big'ger 
thui  tbc 


because,  according  to  some  astronomers,  the  Sui 
horizontal  parallax,  is  11  seconds,  and  according 
others  only  10,  the  former  parallax  making  the  Sun's 
distance  to  be  about  75,000,000*of  miles,  and  the 
latter  82,000,000 ;  we  may  take  it  for  granted  diat 
the  Sun's  distance  is  not  less  than  as  deduced  fixwn 
the  former,  nor  more  than  as  shetvn  by  the  lattrr: 
and  every  one,  who  is  accustomed  to  muke  such 
servations,  knows  how  hard  it  is,  if  not  impossll 
lo  avoid  an  error  of  a  second,  especially  on  aei 
of  the  inconstancy  of  horizontal  refractions, 
here  tlie  error  of  one  second,  in  so  small  an 
will  make  an  error  of  7  millions  of  miles  in  so 
a  distance  as  that  of  the  Sun's.  But  Dr.  Haj 
has  shewn  us  how  the  Sun's  distance  from  tlic  K; 
and  consequently  the  distances  of  all  llie  pla; 
from  the  Sun,  may  be  known  to  within  a  5C 
part  of  tiie  whole,  by  a  transit  of  Venus  over 
Sun's  disc,  which  Will  happen  on  the  6tli  of  Jt 
in  the  year  1761 ;  till  which  time  \re  mu^t  coni 
ourselves  with  allowing  the  Sun's  distance  to  be 
bout  81  millions  of  miles,  as  commonly  stated' 
astronomers. 

192.  The  Sun  and  Moon  appear  much  about 
same  bulk;  and  every  one  who  underbtand.s  gee 
etry,  knows  how  their  true  bulks  may  bu  tlLdui 
from   the  apparent,  when  their  leal  distances 
known.     Spheres  are  to  wie  anotlier  as  llie  cubes 
their  diameters;  whence,  if  llie  Sun  be  h\  millio 
of  miles  from  the  Earth,  to  apj)ear  as  t)ig  as  the 
Moon,  whose  distance  does  not  exceed  240  thou- 
sand miles,  lie  must  in  solid  bulk  be  42  millions 
875  thousand  times  as  big  as  the  Moon. 

\di.  The  horizontal  parallaxes  are  lx?st  observi 
at  the  equator;  1.  Because  tlie  heat  is 


1 
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equal  every  day,  that  the  refractions  are  almost  con- 
stantly the  same.  2.  Because  the  parallactic  angle 
is  greater  there,  as  at  A^  (the  distance  from  thence  to 
the  Earth's  axis  being  greater,)  than  upon  any  par- 
allel of  latitude,  as  a  or  £• 

194.   The  Earth's  distance  from  the  Sun  beinigThereU* 
determined,  the  distances  of  all  the  other  planets  Jj^^gg^'^j 
from  him  are  easily*  found  by  the  following  analogy,  the  plan. 
their  periods  roxmd  him  being  ascertained  by  obser-  ^  ^™ 
ration.     As  the  square  of  the  Earth's  period  round  are  b^wa 
the  Sun,  is  to  the  cube  of  its  distance  from  the  Sun ;  ^^  K^*^ 
so  is  the  square  of  the  period  of  any  other  planet,  to  Si^ugh'"* 
the  cube  of  its  distance  in  such  parts  or  measures  their  real 
as  the  Earth's  distance  was  taken;  see  §  111.  This^*^^®* 
proportion  gives  the  relative  mean  distances  of  the  well 
planets  from  the  Sun  to  the  greatest  degree  of  ex-  '^^'^ 
actness.     They  are  as  follows,  having  been  dedu* 
ced  from  their  periodical  times ;  according  to  the  law 
just  mentioned,  which  was  discovered  by  Kspler^ 
and  demonstrated  by  Sir  Isaac  Newton.* 


*  AU  the  following  calculations  exoept  tfiose  m  the  two  last  lines 
before  $  195,  were  printed  mformer  emtions  of  thb  work,  before  the 
year  1761.  Since  that  time  the  said  two  lines  (as  found  by  the  tran* 
sltA.D.176n  were  added;  anda]ao$195. 


Tlte  Periods  and  Distances  of  the  Planets. 

Periodical  devolutions  to  the  same  Jixed  Staty 
Days  and  Decimal  Paris  ofa  day, 

MocniT   I     VfiiiH    jTlicEuthj     Mun      I    Juidui'   1   tenm   I 

Rclathie  mean  dutonees  Jroin  l/ie  Sun. 

n;i4l      7)113  I    iMom    I     ijum)     iwmsi      «it(w«i        

From  these  number*  •ae  deduce,  tlmt  if'  the  Sun's  Morixn 
fiarallax  be  10",  the  real  mean  dtttanees  of  Ihe  /tlanet4 
from  the  San  in  Engliih  tnilea,  are 
tsuia^eo  I  tffiOfiee  |  ii,iim^  |  ut,MUso  i  us^'I.tu  |  TS9,i84,n 
Bui  if  the  Sim'a  /larallax  be  1  j"  their  ditlaneea  are  no  more  lAaa 

Kfiulsno  I  S4JUII^T0  I  JSfiaipiXI  \  1U^T«,TM  |  JW,01i,W0  I  TIS^MJOO  I  l.4^tM^fiO» 

Errors  in  dislance  arising  from  the  mistake  of  l"  in  the  Sun'n 
fiarallax. 


WhjUie 
celestint 


fiarallax  afifieara  lo  be  only  8'^^;  and  acetirdinff 
ifirir  real  distances  in  milei  are 
M,i(i,««  I  u^si^a  I  •is.iii.vii  I  iispitiu  |  <BW>i)0,eTn  |  «o7,»]fi.i3o  |  i 
And  ihrir  diamrcrrii  in  milett  arr, 

195.  These  numbers  shew,  that  altliough  i 
have  the  relative  distances  of  the  planets  from  t 
Sun,  to  the  greatest  nicety,  yet  the  best  obse 
could  not  ascertain  their  true  distances  until  the  lati(j_ 
long-wishcd-for  transit  appciired,  in  1761,  which  wc 
must  confess  was  embarrassed  with  several  diffictit- 
ties.     But  another  transit  of  Venus  over  the  SuD, 
has  now  been  observed,  on  the  third  of  June,  176r~ 
much  better  suited  to  the  resolution  of  diis;  l-_ 
problem  than  that  in  17G1  was;  and  the  result  J 
tlie  observations  docs  not  differ  materially  from  I  . 
result  of  those  in  1761.    No  other  transit  will  hafij 
pen  till  tlie  year  1874. 

196.  The  Earth's  axis  produced  to  the  stars,  1 
ing  carried  parallel*  to  itself  during  the  Earth's  . 
nual  revolution,  describes  a  circle  in  the  sphere  t 
the  fixed  stars  equal  to  the  orbit  of  tlie  Earth.  Bi« 
this  orbit,  though  very  large,  would  seem  no  big 
ger  than  a  point,  if  it  H-erc  viewed  from  die  stars  J 

1 

•  Bvlhbh  meant,  thai  if  aLneM  supposed  to  be  drtiwn  para 
Id  10  ine  Eartii'i  axis  in  any  part  of  its  ortit,  the  axis  keeps  pnraU. 
to  that  line  in  every  oilier  pan  ol  its  orbit:  as  in  fig.  I.  of  plate  \ 
where  (tA  ct/t/^  a  represents  the  Eartli's  orbit  in  an  [ldii]ue  vien, 
aad'Vc  (be  £arui'sax»keeinDg  always  [^raJlel  to  the  line  Ji/.\. 


The  amaziitg  velocitt/  of  Light,  I3!J 

_.  .'Consequently  the  circle  described  in  the  sphere  "J^e^sMc 
of  the  stars  by  tlic  axis  of  the  Eanh,  produced,  ifS?e"bea"- 
viewed  from  the  earth,  must  appear  but  as  a  point ;  ^eas,  noi- 
that  is,  its  diameter  appears  too  little  to  be  measur-  XiUp^e' 
od  by  observation  :  for  Dr.  Beadlev  has  assuredEuth's 
lis,  tltit  if  it  had  amounted  to  a  suigle  second,  or  nvo™^^^"|^j^^ 
at  most,  he  should  have  perceived  it  in  the  number  sun. 
of  observations  he  has  made,  especially  upon  ¥  Dra. 
conis:  and  that  it  seemed  to  him  ver>-  probable  that 
the  annual  parallax  of  this  star  is  not  so  great  as  a 
single  second:  and  consequently,  that  it  is  above 
400  thousand  times  farther  from  us  than  the  Sun. 

Hence  the  celestial  poles  seem  to  continue  in  the        

same  points  of  tlie  heavens  throughout  the  year; 
which  by  no  means  disproves  the  Earth's  annual 
motion,  but  plainly  proves  the  distance  of  die  stars 
to  be  exceeding  great. 

197.  The  small  apparent  motion  ofthe  stars,  J  113, 
discovered  by  that  great  astronomer,  he  found  to  be 
no  ways  owing  to  their  annual  parallax,  (for  it  catQe 
out  contrary  thereto,)  but  to  the  abcri-ation  of  their 
light,  which  can  result  from  no  knoivn  cause,  be- 
sides tliat  of  the  Earth's  annual  motion ;  and  as  it 
agrees  so  exactly  tliqrewith,  it  proves  beyond  dispute, 
that  tlie  Earth  has  such  a  motion ;  for  this  aberraiion 
completes  all  its  various  phenomena  every  year ;  and  The  »mt^ 
proves  that  the  velocity  of  star-light  is  such  as  car-  »inr*eU»- 
ries  it  through  a  space  equal  to  the  Sun's  distance 'jg^^ 
from  us  in  8  minutes  13  seconds  of  time.  Hence 
ihc  velocity  oflight  is  *10  thou sand210times as  great 
I  as  the  Earth's  velocity  in  its  orbit ;  which  velocity, 
(btfta  what  we  know  already  of  Ihc  Earth's  distance 
from  the  Sun)  may  be  asserted  to  be  at  least  between 
57  and  5B  lhous;md  miles  every  hour :  and  suppos- 
ing it  to  be  58000,  this  number  multiplied  by 
10210,  gives  592  million  180  thousand  miles  for 
the  hourly  motion  of  light :  which  last  number  divi- 

Ky  3600,  the  number  of  seconds  in  aii  hour,        ^^ 
•  Smitb-s  Ofitic'i  i  I19r.  ^^^1 
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Plate  IF.  shews  tjiat  light  flies  at  the  rate  of  more  than  164 
thousand  miles  eveiy  second  of  time,  or  swing  of  a 
common  clock  pendulum. 

CHAP.  X. 

The  Circles  of  the  Globe  described.  The  different 
Lengths  of  Days  and  Nights^  and  the  Ficissitudei 
of  tiie  Seasons^  explained.  The  explanation  qf 
the  Phenomena  of  Saturn'* s  Ring  concludedm  (Sec 
h  81  and  82. 

f  108   T^  ^^^^  reader  be  hitherto  unacquainted  with 
^^ircics  o         •  J^  the  principal  circles  of  the  globe,  he  should 
sphere,     now  leam  to  know  them ;  which  he  may  do  suffi- 
ciently for  his  present  purpose  in  a  quarter  of  an 
hour,  if  he  sets  the  ball  of  a  terrestrial  globe  before 
Fig.  n.    him,  or  looks  at  the  figure  of  it,  wherein  these  cir- 
cles are  dra\vn  and  named.     The  equator  is  that 
tropics,*^*  great  circle  which  divides  the  northern  half  of  the 
polar  cir-  Earth  from  the  southern.    The  tropics  are  lesser 
poles  *"^  circles  parallel  to  the  equator ;  each  of  them  being 
23 J  degrees  from  it;  a  degree  in  this  sense  being 
the  360th  part  of  any  great  circle ;  or  that  which  di- 
vides the  Earth  into  two  equal  parts.     The  tropic qf 
Cancer  lies  on  the  north  side  of  the  equator,  and  the 
tropic  of  Capricorn  on  the  south.     The  Arctic  ctT' 
J^g-  n.    ^j^  j^jjg  ^j^^  JVorth  pole  for  its  centre,  and  is  just  as 

far  from  it  as  the  tropics  are  from  the  equator ;  and 
the  Antarctic  circle^  (hid  by  the  supposed  convexity 
of  the  figure)  is  just  as  far  from  the  southpole  eveiy 
^vay  round  it.  These  poles  are  the  very  north 
and  south  points  of  the  globe :  and  all  other  places 
are  denominated  northward  or  southward y  according 
to  the  side  of  the  equator  they  lie  on,  and  the  pole  to 
Earth's  which  they  are  nearest.  The  Earth^s  axis  is  a  straight 
***^-  line  passing  through  the  centre  of  the  Earth,  perpen- 
dicular to  the  equator,  and  terminating  in  the  poles 
at  its  surface.  This,  in  the  real  Earth  and  planets, 
is  only  an  imaginar}^  line ;  but  in  artificial  globes  or 
planets  it  is  a  wire  by  which  they  are  supported,  and 
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turned  round  in  Orreries^  or  such  like  machines,  by  ^^^^  ^^• 
wheel-work.    The  circles  12.  1.  2.  3-  4.  &c.  are 
meridians  to  all  places  they  pass  through ;  and  we  Mendi- 
must  suppose  thousands  more  to  be  drawn,  because""- 
every  place,  that  is  ever  so  little  to  the  east  or  west 
of  any  other  place,  has  a  different  meridian  from  that 
other  place.    All  the  meridians  meet  in  the  poles ; 
and  whenever  the  Sun's  centre  is  passing  over  any 
meridian  in  hb  apparent  motic»i  round  the  £ardi,  it 
is  mid-day  or  noon  to  all  places  on  that  meridian. 

199.  The  broad  space  lying  bct^veen  the  tropics, 
like  a  girdle  surroun<iing  the  globe,  is  called  tlie  tor- 
rid zone,  of  which  the  ecjuator  is  in  the  middle  all^®***'" 
round.  The  space  between  the  tropic  of  Cancer 
and  Arctic  circle,  is  called  the  7iorth  temperate  zone  ; 
that  between  the  tropic  of  Capricorn  and  the  An- 
tarctic  circle,  the  south  temperate  zone;  and  the 
two  circular  spaces  bounded  by  the  polar  circles,  arc  . 
the  two  frigid  zones;  denominated  north  or  souths 
from  that  pole  which  is  in  the  centre  of  the  one  or 

Ae  other  of  them. 

200.  Having  acquired  this  easy  branch  of  know- 
ledge, the  learner  may  proceed  to  make  the  follow- 
ing  experiment  vnXh  his  terrestrial  ball ;  which  will 
give  him  a  plain  idea  of  the  diurnal  and  annual  mo- 
tions of  the  Earth,  together  with  the  different  lengths 
of  days,  nights,  and  all  the  beautiful  variety  of  sea- 
sons, depending  on  those  motions. 

Take  about  seven  feet  of  strong  wire,  and  bend  Fig.  iil 
it  into  a  circular  form,  as  abed,  which  being  viewed  i'^P**^^. 
obliquely,  appears  elliptical,  as  in  the  figure.    Place  riment 
a  lighted  candle  on  a  table,  and  having  fixed  one  end  jjj^^lfler- 
of  a  silk  thread  K^  to  the  north  pole  of  a  small  terres-  ent 
trial  globe  H,  about  tliree  inches  diameter,  cause  ^  "*^^^^ 
another  person  to  hold  the  wire-circle,  so  that  it  may  nighta, 
be  parallel  to  the  table,  and  as  high  as  the  flame  of  JJ^^^ 
the  candle  /,    which  should  be  in  or  near  thCg*"*^ 
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centre.  Then,  liaving  twisted  the  thread  as  t 
ward  the  lert  hand,  that  by  untwisting  il  m; 
turn  the  globe  round  eastward,  or  contrary 
the  way  that  the  hands  of  a  watch  move,  han 
the  globe  by  the  thread  within  this  circle, 
most  contiguous  to  it ;  and  as  the  thread  untwist 
the  globe  (which  is  enhghtened  lialf  round  by  t 
candQe,  as  the  Earth  is  by  the  Sun)  will  turn  i 
its  axis,  and  the  different  places  upon  it  will  be  can 
ried  through  the  light  and  dark  hemispheres, 
have  the  appearance  of  a  regular  succession  of  d  _ 
and  Jtights,  as  our  Earth  has  in  reality  by  such' 
motion.  As  the  globe  turns,  move  your  hand  slow 
ly,  so  as  to  carry  the  globe  round  the  candle  accoT 
ding  to  the  order  of  the  letters  oicrf,  keeping  i 
centre  even  with  the  wire-circle  ;  and  you  will  pen 
ceive^  that  the  candle,  being  still  perpendicular  (i 
the  equator,  will  enlighten  tlie  globe  li-om  pole  t 
pole  in  its  whole  motion  round  the  circle ;  and  t' 
every  place  on  the  globe  goes  equally  through  t 
light  and  the  dark,  as  it  turns  round  by  the  untwist 
ing  of  the  thread,  and  therefore  has  a  perpctiu 
equinox.  The  globe  thus  turning  round  repi 
the  Earth  turning  round  its  axis ;  and  the  motion  a 
the  globe  round  the  caudle  represents  the  Euth* 
annual  motion  round  the  Sun,  and  shews,  thati 
the  Earth's  orbit  had  no  inclination  to  its  axis,  i 
the  days  and  nights  of  the  year  would  be  equall 
long,  and  there  would  be  no  different  seasons.  Bu 
now,  desire  the  person  who  holds  the  wire  to  holl 
it  obliquely  in  the  position  ABCD,  raising  the  sid 
5S  just  as  much  as  he  depresses  the  side  vj ,  i" 
the  flame  may  be  still  in  the  plane  of  die  circle 
and  twisting  the  thread  as  before,  that  the  gloT 
may  turn  round  its  axis  the  same  way  as  yoi 
carry  it  round  the  candle,  that  is,  from  west  1 
east,  let  the  globe  down  into  the  lowermost  ] 
of  the  wire  circle  at  >:J ,  and  if  the  circle  be  ]^ 
perly  inclined,  the  «andle  will  shine  perpendicula 
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^Ifj/jBAy  on  the  tropic  of  Cancer,  and  the  Jrigid  zone^  Summer 
lying  within  the  Arctic  or  north  polar  circle ^  will  be  "o^^c*- 
all  in  the  light,  as  in  the  figure ;  and  will  keep  in  the 
light,  let  the  globe  turn  round  its  axis  ever  so  often. 
From  the  equator  to  the  north  polar  circle  all  the 
places  have  longer  days  and  shorter  nights;  but 
from  the  equator  to  the  south  polar  circle  just  the 
reverse.  The  Sun  does  not  set  to  any  part  of  the 
north  frigid  zone,  as  shewn  by  the  caiidle's  shining 
on  it,  so  that  the  motion  of  the  globe  can  carry  no 
place  of  that  zone  into  the  dark :  and  at  the  same 
time  the  south  Jrigid  zone  is  involved  in  darkness, 
and  the  turning  of  the  globe  brings  none  of  its  places 
into  the  light.  If  the  Earth  were  to  continue  in  the 
like  part  of  its  orbit,  the  Sun  would  never  set  to  the 
inhabitants  of  the  north  frigid  zone,  nor  rise  to  those 
of  the  south.  At  the  equator  it  would  be  always 
equal  day  and  night;  and  as  places  are  gradually 
more  and  more  distant  from  the  equator,  toward  the 
Arctic  circle,  they  would  ha\'e  longer  days  and 
shorter  nights ;  while  those  on  the  south  side  of  the 
equator  would  have  their  nights  longer  than  tlieir 
days.  In  this  case  there  would  be  continual  sum- 
mer on  the  north  side  of  the  equator,  and  continual 
winter  on  the  south  side  of  it; 

But  as  the  globe  turns  round  its  axis,  move  your 
hand  slowly  forward ,  so  as  to  carr}'  the  globe  from 
jy  toward  iJ,  and  the  boundary  of  light  and  dark- 
ness will  approach  towajrd  the  nortli  pole,  and  recede 
from  the  south  pok;  the  northern  places  will  ^o 
through  less  and  less  of  the  light,  and  the  southern 
places  through  more  and  more  of  it ;  shewing  how 
the  northern  days  decrease  in  lengtli,  and  the 
souUiem  days  increase,  while  the  globe  proceeds 
from  //  to  E.  When  the  globe  is  at  -E,  it  is  at  a 
mean  state  between  the  lowest  and  highest  parts  of  Autumnal 
its  orbit ;  the  candle  is  directly  over  the  equator,  the  equinox. 
boundary  of  light  and  darkness  just  reaches  to  both 
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the  poles,  and  all  places  on  the  globe  go  equally 
through  the  light  and  dark  hemispheres,  shewing 
that  the  days  and  nights  are  then  equal  at  all  places 
of  the  Earth,  the  poles  only  excepted ;  for  the  Sun 
is  then  setting  to  the  north  pole,  and  rising  to  the 
south  pole. 

Continue  moving  the  globe  forward,  and  as  it 
goes  through  the  quarter  A,  the  north  -pole  recedes 
still  farther  into  the  dark  hemisi-hcre,  and  the  south 
pole  advances  more  into  the  liglu,  as  the  globe 
comes  nearer  to  ss :  and  when  it  comes  there  at  -^, 
the  candle  is  ciirecily  over  the  tropic  of  Capricorn, 
the  d:i3  s  are  at  the  shortest,  and  nights  at  the  longest, 
in  thcr  northern  hemisphere,  all  the  way  from  the 
equator  to  the  Arctic  circle ;  and  the  reverse  in  the 
southern  hemis[)here  from  the  equator  to  the  Antarc- 
tic circle  ;  within  which  circles  it  is  dark  to  the  xlorth 
frii;if!  zone,  and  light  to  the  south. 

Continue  both  motions,  and  as  the  globe  mo\'es 
through  the  quarter  Ji,  the  north  pole  ad\ances  to- 
ward the  light,  and  the  south  pole  toward  the  dark; 
the  days  lengthen  in  the  northern  hemisphere,  and 
shorten  in  the  southern ;  and  when  the  globe  comes 
to  G,  the  candle  will  be  again  over  the  equator,  (as 
when  the  globe  was  at  E,)  and  die  days  and  nights 
will  again  be  equal  as  fi)rmerly ;  and  the  north  pole 
will  be  just  coming  into  the  light,  the  south  pole  go- 
ing out  of  it. 

Thus  we  see  the  reason  why  the  da}  s  lengthen 
and  shonen  from  the  equator  to  the  pol:ir  circles 
every  year;  why  there  is  sometimes  no  day  or  night 
for  many  turnings  of  the  Earth,  wi:hin  the  polar  cir- 
cles ;  why  there  is  but  one  day  and  one  night  in  the 
whole  year  at  the  poles ;  and  why  the  days  and  nights 
are  equally  long  all  the  year  round  at  the  equator, 
which  is  always  equally  cut  by  the  circle  bounding 
light  and  darkness. 
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201.  The  inclination  of  an  axis  or  orbit  is  merely  Remark, 
relative,  because  we  compare  it  with  some  other 

axis  or  orbit  which  we  consider  as  not  inclined  at  all. 
Thus,  our  horizon  being  level  to  us,  whatever  place 
of  the  Earth  wc  arcAipon,  we  consider  it  as  having  pi^t©  in. 
no  inclination  ;  and  yet,  if  vve  travel  90  degrees  from  Fig.  in. 
that  place,  we  shall  then  have  a  horizon  perpendicu- 
lar to  the  former,  but  it  will  siill  be  level  to  us. 
And  if  this  book  be  held  so  that  the  *  cin  le  A  BCD 
be  parallel  to  the  horizon,  both  the  circle  abcdy  and 
the  thread  or  axis  JT,  will  be  inclined  to  it.  But  if 
the  book  or  plate  be  held  So  that  the  thread  be  per- 
pendicular to  the  horizon,  then  the  orbit  ABCD  will 
be  inclined  to  the  thread,  and  the  orbit  abed  perpen- 
dicular to  it,  and  parallel  to  the  horizon.  We  gene- 
rally consider  the  Earth's  annual  orbit  as  having  no 
inclination,  and  the  orbits  of  all  the  other  planets  as 
inclined  to  it,  ^  20. 

202.  Let  us  now  take  a  view  of  the  Earth  in  its 
annual  course  round  the  Sun,  considering  its  orbit 
as  having  no  inclination,  and  its  axis  as  mclining  23| 
degrees  from  a  line  per[>endicular  to  the  plane  of  its 
orbit,  and  keeping  the  same  oblique  direction  in  all 
parts  of  its  annual  course ;  or,  as  commonly  termed, 
keeping  always  parallel  to  itself,  J  196. 

Let  fl,  i,  c,  rf,  eyfgy  h^  be  the  Earth  in  eight  dif-  piau  K 
ferent  parts  of  its  orbit,  equidistant  from  one  anoth/er:  ^'*-  ^• 
JVs  its  axis,  A^its  north  pole,  s  its  south  pole,  and 
S  the  Sun  nearly  in  the  centre  of  the  Earth's  orbit, 
5  18.     As  the  Earth  goes  round  the  Sun  according 

*  AU  circles  appear  elliptical  in  an  oblique  view,  as  is  evident  by 
looking  obliquely  at  the  rim  of  a  bason.  For  the  true  figure  of  a  cir- 
cle can  only  be  seen  when  the  eye  b  directly  over  its  centre.  ^  The 
more  obliquely  it  is  viewed,  the  more  elliptical  it  appears,  until  the 
eye  be  in  the  same  plane  witli  it,  and  then  it  appears  like  a  straight 
loe. 


146  Of  the  different  Scasom. 

Flatt  V.     to  the  order  of  the  letters  abcd^  &.C.  its  axis  A^j  keeps 
the  same  obliqifity,  and  is  still  parallel  to  the  line 
A  concise  M  N  s.     When  the  Earth  is  at  «,  its  north  pole  in- 
Tiewofthe  qIj^cs  towarcl  the  Sun  6',  and  brings  all  the  northern 
"^"*'    places  more  into  the  light  tlian  at  any  odier  time  of 
the  year.  But  when  the  Earth  is  at  e  in  the  opposite 
time  of  the  year,  the  nordi  pole  declines  from  the 
Sun,  w  hich  occasions  the  northern  places  to  be  more 
in  the  dark  than  in  the  light ;  and  the  reverse  at  the 
southern  places,  as  is  evident  by  the  figure,  which 
I  have  taken  from  Dr.  Long's  Astronomy.    WTien 
the  Earth  is  either  at  c  or  g^  its  axis  inclines  not 
either  to  or  from  the  Sun,  but  lies  sideuise  to  him; 
and  then  the  poles  are  in  the  bounduiy  of  light  and 
darkness ;  and  the  Sun,  being  directly  over  the  equa- 
tor, makes  equal  day  and  night  at  all  places.  When 
the  Earth  is  at  /;,  it  is  half-way  between  the  Summer 
solstice  and  harvest  equinox ;  when  it  is  at  c/,   it  is 
halfway  from  the  harvest  equinox  to  the  winter  sol- 
stice ;  at  Sy  half  way  from  the  winter  solstice  to  the 
spring  equinox  ;  and  at  //,  half  way  from  the  spring 
equinox  to  the  summer  solstice. 
Fig.  II.         ^03.  From  this  oblique  view  of  the  Earth's  orbit, 
let  us  suppose  ourselves  to  be  raised  far  above  it, 
and  placed  just  over  its  centre  S,  lr)oking  down  upon 
it  from  its  north  pole ;  and  as  the  ivirth's  orbit  differs 
but  very  litUc  from  a  circle,  wt  shall  ha\e  its  fijrure  in 
such  a  view  represented  by  the  circle  ABCDRFGH. 
Let  us  suppose  this  circle  to  be  divided  into  12  equal 
parts,  called  '<igns^  having  their  names  aflixed  to  them: 
and  each  sign  into  30  equal  jxirts,  called  dcgreeSj 
The  sea-   numbered  10,  20,  30,  as  in  the  outermost  circle  of 
sons         the  figure,  which  represents  the  great  ecliptic  in  the 
anothJJr'*  hcavcns.     The  Earth  is   shewn  in  eight  different 
▼icw  of     positions  in  this  circle:  and  in  each  positioners  is  the 
wldUs^^  equator,  7' the  tropic  of  Cancer,  the  dotted  circle 

orbit. 
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the  parallel  of  London^  U  the  Arctic  or  north  polar  ' 
circle,  and  P  the  north  pole,  where  all  the  meridians 
or  hour-circles  meet,  §  198.  As  the  Eaiuh  goes 
round  the  Sun,  the  north  pole  keeps  constantly  to- 
ward one  part  of  the  heavens,  as  it  docs  in  the  figure 
toward  the  right-hand  side  of  the  plate. 

When  the  Earth  is  at  the  beginning  of  Libra, 
namely,  on  the  20th  of  March  in  this  figure  (as  at  ^ 
in  Fig.  I.)  the  Sun  «S,  as  seen  from  tlie  Earth,  ap- 
pears at  the  beginning  of  Aries,  in  the  opposite  part 
of  the  heavens*,  the  north  pole  is  just  coming  into 
the  light,  and  tlie  Sun  is  vertical  to  the  equator;  vemtl 
which,  together  with  the  tropic  of  Cancer,  parallel  equinox. 
of  London^  and  Arctic  circle,  are  all  equally  cut  by 
the  circle  bounding  light  and  darkness,  coinciding 
with  the  six  o'clock  hour-circle,  and  therefore  the 
days  and  nights  arc  equally  long  at  all  places :  for 
every  part  of  the  meridians  jE'l'La  comes  into  the . 
light  at  six  in  the  morning,  and  revolving  with  the 
Earth  according  to  the  order  of  the  hour-letters  goes 
into  the  dark  at  six  in  the  evening.  There  are  24 
meridians,  or  hour-circles  drawn  on  the  Earth  in  jliis 
figure,  to  shew  the  time  of  sun-rising  and  setting  at 
different  seasons  of  the  year. 

As  the  Earth  moves  in  the  ecliptic  according  to 
the  order  of  the  letters  ABCD^  &c.  through  the 
signs,  Libra,  Scorpio,  and  Sagittarius,  the  north 
pole  P  comes  more  and  more  into  the  light ;  the 
days  increase  as  the  nights  decrease  in  length  at  all 
places  north  of  the  equator  ^ ;  which  is  plain  by 
view  ing  the  Earth  at  b  on  the  5  th  oi  May^  when  it 
is  in  the  15th  degree  of  Scorpio  f,  and  Jie  Sun,  as 

•Here  we  must  suppose  the  Sun  to  be  no  bigger  than  an  ordinary 
pomt  (ai.)  because  he  only  a)vers  a  circle  halt  a  dej^e  m  diameter 
m  the  heavena;  v^hereas  m  the  figure  he  hides  a  Tvhole  sign  at  once 
from  theEardu 

t  Here  we  must  suppose  the  Earth  to  be  a  much  smaller  point  tlian 
that  in  the  preceding  note  marked  for  the  Sun. 
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Plate  r.     seen  from  the  P^arth,  api)ears  in  the  15th  degree  of 
Taurus.     For  thjn,  the  tnjpic  of  Canctr  7'  is  in  the 

Fiff.  It  light  from  a  liciie  after  five  in  ihe  morning  till  almost 
sewn  in  the  evening;  the  parallel  of  London  irom 
half  an  hour  past  four  till  half  an  hour  jxisl  beven; 
the  polar  circle  Uiroxxi  three  till  nine;  and  a  large 
track  round  tlic  north  pole  F  has  day  all  the  24 
hours,  for  many  rotations  of  the  Karth  on  its  axis. 

^Vhen  the  Earth  comes  to  c,  at  the  beginning  of 
CV.i)ricorn,  :uid  the  Sun,  as  seen  from  the  Earth  ap- 
])ears  at  the  beginning  of  Cancer,  on  the  21st  of 
June^  as  in  this  figure,  it  is  in  the  position  a  in  Fig. 
I ;  and  Us  north  pole  inclines  toward  the  Sun,  so  as 
to  bring  all  the  noith  frigid  zone  into  the  light,  and 
tlic  ncMthem  parallels  of  latitude  more  into  the  light 
thim  the  dark  from  the  equator  to  the  polar  circle; 
an  1  the  more  so  as  they  are  farther  from  the  equator. 
Til  J  tropic  of  Cancer  is  in  the  light  from  five  in  the 
nif^/iiing  till  seven  at  night;  the  parallel  di  London 
fnrii  a  quarter  before  four  till  a  quarter  after  eight; 
and  the  polar  circle  just  touches  the  dark,  so  that  the 

Summer    Sun  Ikis  onlv  thc  lowcT  half  of  his  disc  hid  from  the 

solstice,  xnh  .liitants  on  that  circle  for  a  few  minutes  about 
m  liught,  supposing  no  inequalities  in  the  horizcm, 
and  no  refraction. 

A  I  )are  view  of  the  figure  is  enough  to  shew,  that 
as  thc  Kaith  advances  I'rom  Cr.pricorn  toward  Aries, 
and  the  Sun  appears  to  move  from  Cancer  toward 
Libra,  the  north  ]M3le  advances  toward  the  dark, 
which  causes  the  days  to  decrease,  and  the  nights  to 

Autumnal  increase  in  lenj^th,  till  the  Karth  comts  to  the  f>egin. 

lifiviinox.  ning  of  Aries,  and' then  th^-y  arc  equal  as  before;  for 
the  boimdary  of  light  and  darkness  cuts  thc  equator 
and  all  its  parallels  equally,  or  in  halves.  Thc  north 
pole  then  goes  into  the  dark,  and  continues  in  it  until 
the  Earth  goes  halfway  round  its  orbit;  or,  from 
the  23d  of  September  till  thc  20\h  of  March.  In  thc 
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middle,  between  tliese  times,  viz.  on  the  22d  of  winter 
December,  the  north  pole  is  as  tar  as  it  can  be  in  the  •®^^»^- 
dark,  which  is  2:>^  degrees,  equal  to  the  inclination 
of  (he  Earth's  axis  from  a  perpendicular  to  its  orbit: 
and  then  the  nortliern  parallels  are  as  much  id  the 
dark  as  they  were  in  the  light  on  the  21st  oiJune; 
the  winter  nights  being  as  long  as  the  summer  days, 
and  the  whiter  clays  as  short  as  the  summer  nights. 
It  is  needless  to  enlarge  farther  on  this  subject,  as 
ive  shall  have  occasidn  to  mention  the  seasons  again 
in  describing  the  Orrery^  J  397.  Only  this  must  be 
noted,  that  whatever  has  been  said  of  the  northern 
hemisphere,  the  contraiy  must  be  understood  of  the 
southern ;  for  on  different  sides  of  the  equator  the 
seasons  arie  contrary ;  because,  when  the  northern 
hemisphere  inclines  toward  the  Sun,  the  southern 
declines  from  him, 

204,  As  Saturn  goes  round  the  Sun,  his  oblique-  The  phe- 
ly-posited  ring,  like  our  Earth's  axis,  keeps  parallel  "f  ^^^J^J^n's 
to  itself,  and  is  therefore  turned  edgewise  to  the  Sun  ring. 
twice  in  a  Satumian  year ;  which  is  almost  as  long 
as  30  of  our  years,  }  81.  But  the  ring,  though  con- 
siderably broad,  is  too  thin  to  be  seen  by  us  when  it 
is  turned  edgewise  to  the  Sun,  at  which  time  it  is 
also  edgewise  to  the  Earth ;  and  therefore  it  disap- 
pears once  in  every  fifteen  years  to  us.  As  the 
Sun  shines  half  a  year  together  on  the  north 
pole  of  our  Earth,  then  disappears  to  it,  and  shines 
as  long  on  the  south  pole;  so,  during  one  half 
of  Saturn's  ):ear,  the  Sun  shines  on  the  north  side 
of  his  ring,  then  disappears  to  it,  and  shines  as  long 
on  the  south  side.  When  the  Earth's  axis  inclines 
neither  to  nor  from  the  Sun,  but  is  sidewise  to  him, 
he  then  ceases  to  shine  on  one  pole,  and  begins  to 
enlighten  the  other;  and  when  Saturn's  ring  inclines 
oeither  to  hkx  from  the  Sun,  but  is  edgewise  to  him, 
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Thie  r.     he  ceases  to  sliine  on  tlie  one  side  of  it,  and  begins 
to  shine  upon  the  other. 

T^r.  III.        I-  t  S  b-  ihc  Siuu  ABCDEFGH ^wxwvn's  orbit, 
rr.d  JXLMXO  il:c  Earth's  orl^it.    Both  Saturn  and 
the  Karth  inuvc  according  to  the  order  of  the  letters: 
v.l\en  Sauin*  is  at  .</  his  ring  is  turned  edgewise  to 
llic  Sun  S^  :iik1  he  is  then  seen  from  the  Earth  as  if 
he  had  h;st  his  rinj;,  let  the  Earth  be  in  any  part  of 
iis  orlnt  uhatevcr,  except  between  .V  and    O ;  for 
while  it  describes  that  space,  Saturn  is  app.'rcntlyso 
.itar  the  Sun  as  to  be  hid  in  his  beams.    As  Saturn 
Ijoes  from  A  to  C,  his  rinjj  api)ears  more  and  more 
oivjiitothe  \\\xx\\\ :  at  C'tne  rin;; appears  most  open  of 
al: ;  iind  seems  to  pjrow  narrciwer  and  narrow  er,  as  Sa- 
turn f^(3es  from  CioE^  and  v/hen  becomes  to  J?,  the 
rinj^'  is  a;jiin  turned  edgewise  both  to  the  Sun  and 
Ei.rth ;  r.nd  as  n^idier  of  its  sides  are  illuminated,  it 
is  i'iviiiblc  to  us,  because  its  edge  is  too  ihin  to  be 
porcej^rible ;  and  Saturn  appears  again  as  if  he  liad 
lost  his  ring.    But  as  he  goes  from  E  to  G,  his  ring 
opens  more  and  more  to  our  \iew  on  the  under  side; 
and  seems  just  as  ope  n  at  G  ;is  it  was  at  C ;  and  may 
be  seen  in  liie  niglit  time  from  the  Earth  in  any  part 
in  US  orbit,  exc.nt  aly)Ut  -'V,  when  the  Sun  hides 
llie  T.iauf-t  from  our  \\\:\\\     As  Saturn  goes  from  G 
tf).7,  hrs  rin;;-  turns  more  and  more  edgewise  to  us, 
io\A  th'. >•'.  i«  re  it  se'.ms  to  p^rou*  narrower  and  nar- 
1  i.uver;  :'.!i.!  ;:t .  /,  i:  rli>:anptMrs  :.s  before.  Merce, while 
ri.-Uini  [rr-  ':Jnjm.7  to  /s',  th.eS.m  shines  on  the  upper 
t.ide  of  irs  riui;,  ard  t!^;.-  un'itr  side  is  dark ;   and 
wir«!^:  lie  j^x  s  -Vom  E  to  .'/,  the  Sun  siiines  on  the 
iinn.r  si.iv'  of  ii'.s  rin^,^,  and  the  uj^j.cr  side  is  dark. 
\     .V.4"-   p.rh.';!S   b."   i:v.  .rii.ed   tli.it   this    article 

«         I  •  *  1 

r.i.i.lif   ':-.r.'c  i'^e.;  n-  vjci  iiKjre  pro!-  rly  alter  \  81, 

il»a:i  hi"   ;   'j-.r.  v!h:i  tli^^  caiidid  readu*  eoii'.iders 

i-j^,  J  iii^ri  thai   a. I  U-.e    vn''f.)v:j  ]jhe!Kjmena   of  Saturn's   ring 

-li.  dei:c  nd  upon  a  c.iui>e  similar  to  thut  of  our  Jiarth*s 
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seasons,  he  will  readily  allow  that  ihey  are  best  ex-  ^'"^  "- 
plained  together ;  and  that  the  two  figures  serve  to 
illustrate  each  othtr. 

205.  The  Earth's  orbit  being clhptical,  and  theTheEmb 
Sun  keeping  constanlly  in  its  lower  focus,  which  is^^^J"^ 
1,377,000  miles  from  the  middle  point  of  the  longer  winter 
axis,  die  Earth  comes  twice  so  much,  or  2,754,000  g^iep 
miles,  nearer  the  Sun  at  one  time  of  the  year  than 

at  another :  for  the  Sun  appearing  to  us  under  a 
lat^r  ancle  in  winter  than  in  summer,  proves  that 
the  Earth  is  nearest  the  Sun  in  winter  fsee  the 
Noteon  Article  185^.  But  here  this  natural  ques-  Why  the 
tion  will  arise :  Why  have  we  not  the  hottest  weaUier*'i5l,^''" 
when  the  Earth  is  nearest  the  Sun  ?  In  answer  it  when  Uie 
must  be  observed,  that  the  eccentricity  of  the  Earth's  n'^^* 
orbit,  or  1,377,000  miles,  bears  no  greater  proper-  Uie  Sun, 
tion  to  the  Earth's  mean  distance  from  the  Sun, 
than  17  does  to  1000;  and  therefore  this  small dlfFer- 
ence  of  distance  cannot  occasion  aiiy  sensible  differ- 
ence of  heat  or  cold.  But  the  principal  cause  of  this 
dift'erence  is,  that  in  winter  the  Sun's  rays  fall  so  ob- 
liquely upon  us,  that  any  given  number  of  them  is 
spread  over  a  much  greater  portion  of  the  Earth's 
surface  where  we  live,  and  therefore  e:ich  point  must 
then  have  fewer  rays  than  iu  summer.  Moreover, 
there  comes  a  greater  degree  of  cold  in  the  long 
winter  nifijhts,  than  there  can  return  of  heat  in  so  short 
days ;  and  on  both  these  accounts  the  cold  must  in- 
crease. But  in  summer  the  Sun's  rays  fall  more 
perpendicularly  upon  us,  and  therefore  come  with 
greater  force,  and  in  greater  numbers  on  the  same 
place ;  and  by  their  long  continuance,  a  much  great- 
er degree  of  heat  is  imparted  by  daj'  than  can  fly  off 
by  night.  ' 

206.  That  a  greater  number  of  rays  fall  on  the 
same  place,  wlien  the)'  come  perpendicularly,  than 
when  they  come  obliquely  on  it,  will  appear  by  the 
figure.     For,  let  AB  be  a  certain  number  of  thepif.  it 
Sun's  rays  falling  on  CD  (which  let  us  suppose  to 
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be  London  J  on  the  21st  of"  June:  but,  on  the  22d 
of  December,  the  line  CD,  or  London,  has  the  ob-.. 
lique  position  CD  to  the  same  rays ;  and  tlierefore 
scarce  a  third  part  of  them  falls  upon  it,  or  only  those 
between  ^ande;  all  the  rest,  c  B,  beingexpended 
on  the  space  d  P,  which  is  more  than  double 
the  length  of  C'jD  or  Cd.  Besides,  those  parts 
which  are  once  heated,  retain  the  heat  ibr  some 
time';  which,  with  the  additional  heat  daily  impart- 
ed, makes  it  contiime  to  increaise,  though  the  Sun 
declines  toward  the  south ;  and  this  is  the  reason 
why  Jitlt/  is  hotter  than  June,  although  Uic  Sun  has 
withdrawn  from  the  summer  tropic;  as  we  find  itia 
generally  hotter  at  three  in  the  afternoon,  when  the 
Sun  has  gone  toward  the  west,  than  at  noon  when 
he  is  on  llie  meridian.  Likewise,  Uioae  places  wliicil 
are  well  cooled  require  time  to  be  heated  again;  for 
the  Sun's  rays  do  not  heat  even  the  surface  of  any 
body  till  lliey  have  been  some  time  ujion  it.  And 
therefoi"e  we  find  January,  for  tlie  most  part,  colder 
than  December,  although  the  Sun  has  withdrawn 
from  the  winter  tropic,  and  begins  to  dart  his  beams 
more  perpendicularly  upon  us,  when  we  liave  the 
position  CF.  An  iron  bar  is  not  heatid  immediate- 
ly upon  being  put  into  the  fire,  nor  grows  cold  till 
some  time  after  it  has  been  taken  out. 

CHAP.  XI. 

The  Method  of  finding  the  Longitude  by  the  Eclips- 
es  oj' Jupiter's  Satellites:  the  amazing Feiocity  0/ 
Light  demonstrated  by  these  Eclipses. 

Firstme.  207  C^  KOGRAPHERS  arbitrarily  choose  to 
ridiln^'  '  VJ"  call  the  nicridian  of  some  remarkable 
pndion.  place  the  first  meridian.  There  th'-'y  bt  gin  their 
■  pT»"e»,°  reckoning;  and  just  so  many  degrees  and  minutes 
what.  as  any  other  place  is  to  die  eastward  or  westward  of 
that  meridian,  so  much  cast  or  west  longitude  they 
say  it  has.     A  degree  is  the  360tb  part  of  a  circle. 
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t  great  or  small,  and  a  minute  the  60th  part  of  a^"='-  ^■ 
degree.  The  English  gcographa-s  reckon  the  lon^- 
nide  from  the  meridian  oi*  the  Royal  Observatorj'  at 
Greenwich,  and   tlie  French  from  the  meridian  of 
Paris. 

208.  If  we  imagine  two    great  circles,  one  of  ^'ff-  "■ 
which  is  the  meridijn  of  any  given  place,  to  inter-  Hour  cir- 
sect  cacii  other  in  the  two  poles  of  the  Earth,  and  to ''**■ 
cut  the  equator  jE  at  every  15th  degree,  they  will 

be  divided  by  the  poles  into  24  semi-circles,  which 
divide  tlie  equator  into  24  e<]ual  parts ;  and  as  the 
Earth  turns  on  its  axis,  the  plunes  of  liiese  semicir- 
cles come  successively  one  after  anotlier  every  hour 
to  the  Sim.     As  in  an  hour  of  time  tJiere  is  a  revo-  An  how 
lution  of  fifteen  degi-ees  of  the  equator,  in  a  minulc"'"'?^ 
of  time  there  will  be  a  revolution  of  15  minutes  of  is  tie- 
the  equator,  and  in  a  second  of  time  a  revolution  of  B™«  'f 
15  seconds.  There  are  two  tables  annexed  to  this""*"" 
chapter,  for  reducing  mean  solar  lime  into  degrees 
and  minutes  of  the  terrestridl  equator ;  and  also  lor 
converting  degrees  and  parts  of  the  equator  into 
mean  solar  time. 

209.  Because  the  Sun  enlightens  only  one  half  of 
the  Earth  at  once,  as  it  turns  round  its  axis,  he  rises 
to  some  places  at  the  same  moment  of  absolute  time 
that  he  sets  at  to  others ;  and  when  it  is  mid-day  to 
some  places,  it  is  mid-night  to  others.  The  XIl  on 
the  middle  of  the  Earth's  enlightened  side,  next  the 
Sun,  stands  for  mid-day;  and  the  opposite  XII,  on 
the  middle  of  the  dark  side  for  midnight.  If  we 
suppose  this  circle  of  hours  to  be  fixed  in  the  plane 
of  the  equinoctial,  and  the  Earth  to  turn  round  with- 
in it,  any  particular  meridian  will  come  to  the  differ, 
cnt  hours  so  as  to  shew'  the  true  time  of  die  day  or 
night  at  all  places  on  that  meridian.       Therefore, 

210.  To  every  place  15  degrees  eastward  from 
any  given  meridian,  it  is  noon  an  hour  sooner  than 
on  (Jut  meridian:  because    their  meridian  comes 
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to  the  Sun  an  hour  sooner;  and  to  aU  places  15 
grees  vveiilward,  it  ii  noon  an  hour  later,  t  208, 
c;juse  their  meridian  comes  an  hour  later  to  the  Sun, 
and  so  on  ;  every  15  degrees  of  motion  causing  an 
And  con-  hour's  diiFcrence  ot"  time.  Therefore  ihey  who  have 
aei)uciitiy  noon  an  hour  later  than  ive,   have  their  meridian, 
ip-ees  of    'hat  is  their  longitude,  1 5  degrees  westward  from  us : 
longitude,  and  thiy  who  have  noon  an  hour  sooner  than  we, 
have  their  meridian  15  degrees  eastward  from  ours; 
and  so  for  everj-  hour's  difierenc^,  of  time,   IS  de- 
Lunir  e-  grees  difference  of  longitude.     Colisequenlly,  if  the 
us'ifi"in   beginning  or  ending  of  a  lunar  eclipse  be  observed, 
findingiiiB  suppose  at  London,  to  be  exactly  at  midnight,  and 
Iwpiude.  ji,  gotng  ot|^,.f  pi^(^  at  1 1  at  night,  that  place  is  15 
degrees  westward  from  the  meridian  of  London  ;  if 
llie  same  eclipse  be  observed  at  one  in  the  morninj 
at  another  place,  that  [ilace  is  15  degrees  eastwan 
from  die  said  meridian. 
Bcli[uea        211.  But  as  it  is  uol  easy  to  determine  the  exact 
"p/j,"'^jj,  moment  either  of  die  beginning  or  ending  of  a  lunar 
litci  much  eclipse,  because  the  Karth's  shadow  through  which 
^at^Vt'  ''^^  Moon  passes  is  fiiiu  and  ill-defined  about  the 
poae.        edges,  we  have  recourse  to  die  eclipses  of  Jupiter's 
satellites,  which  disappear  much  more  (juickjy  as 
they  enter  into  Jupiter's  .sliadow,  and  emerge  more, 
suddenly  out  of  it.  Tiie  first  or  nearest  satellite  to  Ju., 
piter  is  tile  most  advantageous  lor  ihis  purpose,  be- 
cause Its  motion  is  quicker  than  thf  motion  of  any  of 
the  rest,  and  ihirefore  its  immersions  and  emersions 
are  more  irequent  and  more  ssuddcn  than  those  of 
the  others  are. 

312  The  fing-ZtsA  astronomers  have  calculated  ta- 
bles for  shewing  ihe  times  ol'  the  eclipses  of  Jupi- 
ter's  s:iteuitcs  to  great  precision,  for  the  meridian  of 
Greenwich.  Now,  let  an  observer,  who  has  these 
tables,  wiih  a  good  tclesco|)e  and  a  well-regulated 
clock,  at  any  other  place  of  the  Karth,  observe  the 
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beginning  or  ending  of  an  eclipse  of  one  of  Jupiter's  ^"^  *'■ 
satellites,  and  note  the  precise  moment  of  lime  thai  so?v"  ihi, 
he  saw  the  satellite  either  immerge  into,  or  emerge  ■mportant 
out  of  the  shadow,  and  conlpare  that  time  with  Uie^"''^"'' 
time  shewn  by  the  tables  for  Greenwich;  tlien,  15 
degrees  difference  of  longitude  being   allowed  ibr 
every  hour's  difference  of  time,  will  give  the  longi- 
tude of  that  place  from  Greenwich,  as  above,  ^  210: 
and  if  there  be  any  odd  minutes  of  time,  Ibr  every 
minute  a  quarter  of  a  degree,  east  or  west,  must  be 
allowed,  as  the  time  of  observation  is  later  or  earlier 
than  the  ume  shewn  by  the  tables.     Such  eclipses         » 
are  very  convenient  for  this  purpose  on  land,   be- 
cause they  happen  almost  every  day  ;  but  are  of  no 
use  at  sea,  because  the  rolling  of  tlie  sliip  hinders  all 
nice  telescopical  observations. 

213.  Toexplain  this  by  a  figure,  let  7  be  Jupiter,  F'e-  il- 
K,  It,  M,  JV,  his  four  satellites  in  their  respective  iiiHstr*. 
orbits,  1,  2,  3,  4;  and  let  the  Earth  be  at y;  sup- "'*''/ « 
pose  in  November,  although  that  month  is  no  other-  ***"''' 
wise  material  than  to  find  the  Karth  readily  in  this 
scheme,  where  it  is  shewn  in  eight  diSerent  parts  of 

its  orbit.  Let  Q  be  a  place  on  the  meridian  of 
Greenwich,  and  Ji  a  place  on  some  other  meridian 
east^vard  from  Greenwich.  Let  a  person  at  R  ob- 
serve  the  instantaneous  vanishing  of  the  first  satellite 
JTinto  Jupiter's  shadow,  suppose  at  three  in  the 
morning ;  but  by  the  tables  he  finds  the  immersion 
of  that  satellite  to  be  at  midnight  at  Greetrwich;  he 
can  then  immediately  determine,  that,  as  there  ai« 
three  hours  difierence  of  time  between  Q  and  R,  and 
that  U  is  three  hours  forwarder  in  reckoning  than  Q, 
it  must  be  in  45  degrees  of  east  longitude  from  the 
meridian  of  Q.  Were  this  method  as  practicable  at 
sea  as  on  land,  any  sailor  might  almost  as  eauily,  and 
with  almost  etjual  ccrtaijily,  find  the  longitude  as  the 
latitude. 

214.  While  the  Earth  is  going  from  C  to  F  in  Fiff.  il 
its  orbit,  only  the  immersion  of  Jupiter's  satellites 
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into  his  sliadoware  generally  seen;  and  their  cmi 
sions  out  olit  while  iJie  Earth  goes  from  G  to  S. 
Indeed,  both  these  a.ppearaiicc5  may  be  seen  of 
second,  third  and  fourth  satellite  when  eclip: 
while  the  Earth  is  between  D  and  E,  or  between 
G  and  A;  but  never  of  the  first  satellite,  on  accoutit 
ofthc  smatlness  of  its  orbit  and  the  bulk  oi'  Jupiter, 
except  only  when  Jupiter  is  directly  opposite  to 
Sun,  that  is,  when  die  Earth  is  at  g:  and  even  ih 
strictly  speaking,  we  cannot  see  either  tlie  immer. 
sions  or  emersions  of  any  of  his  satellites,  because 
his  body  being  directly  between  us  and  his  conical 
shadow  his  satellites  aic  hid  by  his  body  a  few  mo- 
ments before  they  touch  his  sliadow ;  and  are  quite 
emerged  from  thence  before  wc  can  see  them,  as  it 
were,  just  dropping  from  behind  him.     And  whcQ 
the  Earth  is  at  c,  thcSun,  being  between  it  and  Ji 
piter,  hides  both  hirei  and  his  moons  from  us. 

In  this  diagram,  the  orbits  of  Jupiter's  moot 
are  drawn  in  true  proportion  to  his  diameter ;  bul  ii 
proportion  to  the  Earth's  orbit,  they  are  drawn  r 
times  too  large. 

215.  In  whatever  month  of  the  year  Jupiter  is 
conjunciiomfith  the  Sun,  or  in  opposition  to  hii 
m  the  next  year  it  will  be  a  month  Uiter  at  least.  F 
while  the  earth  goesoncc  round  the  Sun,  Jupiter  d 
scribes  a  twelfth  part  of  his  orbit.    And,  therefore, 
when  the  Earth  has  finished  its  annua!  period  frt 
being  in  a  Vine  with  the  Sun  and  Jupiter,  it  must 
as  much  tbru'arder  as  Jupiter  has  moved  in  that  tin 
to  overtake  him  again  :  just  like  the  minute-hand  > 
a  watch,  which  must,  from  any  conjunction  wii 
the  hour-hand,   go  once  round  the  dial-plate  i 
somewhat  above  a  twelfth  part  more,  to  overtake 
hour-hand  again. 

216.  It  is  found  by  observation,  that  when  d 
r^ariii  is  between  the  Sun  and  Jupiter,  as  at  |f,  li 
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satellites  are  eclipsed  about  8  minutes  sooner  than-''' 
they  should  be  according  lo  the  tables;  and  when 
tile  £arth  is  at  B  or  C,  these  eclipses  happen  about 
8  minutes  later  than  tlie  tobies  predict  them.*  Hence 
it  is  undeniably  certain,  diat  the  motion  of  light  is 
not  instantaneous,  since  it  takes  about  16- 1  minutes 
of  time  to  go  through  a  space  equal  lo  the  diameter 
trf  the  Earth's  orbit  which  is  190  millions  of  miles 
in  length ;  and  consequently  the  particles  of  tight  &y 
about  193  thousand  939milesevery  second  of  time, 
which  is  above  a  million  of  times  swiAer  than  the  mo. 
tionofa  cannon  ball.     And  as  light  is  16^  minutes  The  «nr- 
m  travelling  across  the  Earth's  orbit,  it  must  be  fiipriamgj*- 
minutes  coming  from  the  Sun  to  us;    therefore,  ilwhu 
tlie  Sun  were  annihilated,  we  should  see  him  for  8^ 
minutes  after  ;  andifhe  were  again  created,  he  would 
be  8\  minutes  old  before  we  could  see  him. 

217.  To  explain  the  progressive  motion  of  light.  Fig-  v, 
let  .4  and  £  be  the  Earth,  in  two  diflereni  parts  ofi"u»t™t- 
its  orbit,  whose  distance  from  each  other  is  95  mil-^j^"** 
lions  of  miles,  equal  to  the  E,arth'3  distance  from 
the  Sun  S.  It  is  plain  that  if  the  motion  of  light 
■  were  instantaneous,  the  satellite  1  would  appear  td" 
enter  into  Jupiter's  shadow  -/■'T'^at  the  same  moment 
of  time  to  a  spectator  in  .4  as  to  another  in  Jt.  But 
by  many  years  observations  it  has  been  found,  tliat 
the  immersion  of  the  satellite  into  the  shadow  is  seen 
8i  minutes  sooner  when  the  Earth  is  at  £,  than 
when  it  is  at  ^.  And  so,  as  Mr.  Uoeues  first 
discovered,  the  motion  of  Light  is  thereby  proved 
to  be  progressive,  and  not  instantaneous,  as  was 
formerly  believed.  It  is  easy  to  compute  in  what 
time  the  Earth  moves  from  ,'}  to  B;  for  the  chord 
of  60  degrees  of  any  circle  is  equal  to  the  semi-di- 
ameter of  tliat  circle;  and  as  the  E^h  goes  througli 

•  In  ihe  tables  which  have  been  pulilishcd  in  Uie  nautical  alirw- 
naos,  &(C.  a  proper  aDnwoDce  fbr  tbcpnigrtai  «( lij^ht  is  madi'. 


The  Motion  of  Light  demonstrated. 

all  the  360  degrees  of  its  orbit  in  a  year,  it  goes 
through  60  of  those  degrees  in  about  61  days. — 
Therefore,  if  on  any  given  day,  suppose  the  first  of 
June,  the  Earth  be  at  A,  on  the  first  of  August  it 
will  be  at  ^  .■  the  chord,  or  straight  line  AB,  being 
equal  to  DS,  the  radius  of  the  Earth's  orbit,  the 
same  with  AS,  its  distance  from  the  Sun. 

218.  As  tlie  Earth  moves  from  D  to  C,  through 
the  side  AB  of  its  orbit,  it  is  constantly  meeting  the 
light  of  Jupiter's  satellites  sooner,  which  occasions 
an  apparent  acceleration  of  their  eclipses :  and  as  it 
moves  through  the  other  half  H  of  its  orbit  from  C 
to  D,  it  is  receding  from  their  light,  which  occa- 
sions an  app;irent  retardation  of  tlieir  eclipses;  be- 
cause their  light  is  then  longer  before  it  overtakes 
the  Eanh. 

219.  That  these  accelerations  of  the  immersions 
of  Jupiter's  satellites  into  his  shadow,  as  the  Earth 
approaches  toward  Jupiter,  and  the  retardations  of 
their  emersions  out  of  his  shadow,  as  the  Earth  is 
going  from  liini,  are  not  occasioned  by  any  inequal- 
ity arising  from  the  motions  of  the  satellites  in  ec- 
centric orbits,  is  plain,  because  it  affects  them  all 
alike,  in  whatever  parts  of  their  orbits  they  are  eclips* 
ed.  Besides,  they  go  often  round  their  orbits  every 
year,  and  their  motions  are  no  ivay  commensurate  to 
the  Earth's.  Therefore,  a  phenomenon,  not  to  be 
accounted  for  from  the  real  motions  of  the  satellites, 
but  so  easily  deducible  from  the  Earth's  motion,  and 
so  answerable  thereto,  must  be  allowed  to  result 
from  it.  This  affords  one  very  good  proof  of  the 
Earth's  annual  motion. 


To  convert  JIfotion  into  Time,  and  the  reverse. 

300.  Tables  for  conv«rUiir  metn  wlu  Time  into  De^es  and 
Parts  of  ilie  terrcstriu  Eq,sAToai  and  also  for  converting  De- 
grees and  Parts  of  the  Eq,uATDK  into  mean  Milar  Ti)ie. 
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Of  Sohr  am}  Sidereal  Time. 

Tliese  are  the  tables  mentioned  in  the  208th  Ar- 
ticle, and  are  so  easy  lliat  they  scarce  require  an; 
farther  explanation  than  to  inform  the  reader,  that  li 
in  Table  I.  he  reckon  the  columns  marked  with  as- 
terisks to  be  minutes  of  time,  the  other  columns  give 
the  equatorial  parts  or  mnlion  in  degrees  and  mi- 
nutes; if  he  reckou  the  asterisk -columns  to  be  se- 
conds, the  others  give  the  motion  in  minutes  and  se- 
conds of  the  equator;  if  thirds,  in  seconds  and 
thirds:  And  if  iu  Table  II.  he  reckon  the  asterisk- 
columns  to  be  degrees  of  motion,  the  others  give 
the  time  answering  thereto  in  hours  and  minutes;  iC 
minutes  of  motion,  the  time  is  minutes  and  seconds; 
if  seconds  of  motion,  the  corresponding  time  is 
given  in  seconds  and  thirds.  An  example  in  each, 
case  will  make  the  whole  vcrj-  plain. 


Example  I. 

Iu  10  hours  15  mi- 
nutes  24  secojids  20 
thirds,  Qu.  Ho^v  much 
of  the  enuator  revolves 
through  tne  meridian  ? 
Deg.  M.  S. 


Hours  10 

150     0     0 

Mln.     15 

3  45     0 

Sec.      24 

5     0 

Thirds  20 

5 

Example  II. 

In  what  time  will  15; 
degrees  51  minutes  5  sCr 
conds  of  the  (y]uatc 
revolve  through  the  mt 
ridian  ? 

H.  M.  S.  T, 
r,        f  150  10    0     0 
°^e-i      3        12     0 
Min.     51  3  24 

Sec.        5 


Answer         153  51     5     Answer     10  15  24 

CHAP.  XII. 

Of  Solar  and  Sidereal  Time. 

5Were»i  jj„.  'TpHE  stars  appear  to  go  round  the  Earth 
te^hi'n'^"  "X  '11  23  hours  56  minutes  4  seconds,  and 
•ot«rd»ys,  the  Sun  in  24  hours  :  so  tliat  the  stars  gain  three' 
•nawhy.  minutes  56  seconds  upon  the  Sun  ever}- day,  whictl 


■^^ 


Of  Solar  and  Sidereal  Time. 

amounts  to  one  diurnal  revolution  in  a  year ;  ani  PUwtiJ. 
therdbre,  in  365  days,  as  measured  by  the  returns 
of  the  Sun  to  the  meridian,  there  are  366  days,  as 
measured  by  the  stars  returning  to  it ;  ilic  tbmier 
are  called  solar  days,  and  the  latter  sidereal  dai/s. 

The  diameter  of  the  E:irth's  orbit  is  but  a  phy- 
sical  iK)int  in  proportion  to  the  distance  of  the  stars ; 
for  which  reason,  and  the  Karth's  uniform  motion 
on  its  axis,  any  given  meridian  will  revolve  from  any 
star  to  the  same  star  again  in  e\'ery  absolute  turn  of 
the  Earth  on  its  axis,  without  the  least  perceptible 
difference  of  time  shewn  by  a  clock  which  goes  cx- 
acUy  true. 

If  the  Earth  had  only  a  diurnal  motion,  without 
an  annual,  any  given  meridian  would  revolve  from 
the  Sun  to  the  Sun  again  in  the  same  quantity  of  time 
as  from  any  star  to  the  same  star  again  ;  because  the 
Sun  would  never  change  his  place  with  respect  to 
the  stars.  But,  as  the  Earth  advances  almost  a  de- 
gree eastward  in  its  orbit  in  the  time  tliat  it  turns  east- 
ward round  its  axis,  (vhatever  star  passes  over  the 
meridiA  on  any  day  with  the  Sun,  will  pass  ovcrthe 
same  meridian  on  the  next  day  when  the  Sun  is  al- 
most  a  degree  short  of  it ;  that  h,  3  minutes  56  se- 
conds sooner.  If  die  year  contained  onlj-  360  days, 
as  the  ecliptic  does  360  degrees,  the  Sun's  apparent 
place,  so  far  as  his  motion  is  equable,  ivould  change 
a  degree  every  day  ;  and  dien  the  sidereal  daj's  would 
be  just  4  minutes  shorter  than  the  solar. 

Let  AliCDEFGHIKLM  be  the  Eaith's  orbit,  Fig.  n. 
in  which  it  goes  round  the  Sun  every  year,  accord- 
ing to  the  order  of  the  letters,  that  is,  from  west  lo 
c-nst;  and  turns  round  its  axis  the  same  way  Irom 
the  Sun  to  the  Sun  again  in  ever}-  24  hours.  Let  S 
be  the  Sun,  and  R  a.  lixed  star  at  such  an  immense 
distance,  that  the  diameter  of  the  Karth's  orbit 
bears  no  sensible  proportion  to  that  distance.  I^t 
A*m  be  any  particular  mcridiiin  of  the  ]".arth,  and 
-V  a  given  point  or    place    upon    that    meridian. 
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Of  Scfar  and  'Sidentil  Tmif. 

When  llie  Earih  is  al ./  the  Sun  5  ludcs  tlie  star  i?, 
which  woiilil  be  always  liid  if  llit;  Earthnevcr  remov- 
ed from  A;  and  consequently,  as  the  Earth  tunw 
round  i'.s  axis,  the  iiciiit  jV vi  ouUl  alivyys  eome  rounti 
to  the  Sun  and  star  at  the  same  time.  But  \\  hen  the 
Earth  has  advanced,  suijpoac  a  twdlUi  prt  ol'  its  or- 
bit from  A  to  B,  its  motion  round  its  ;ixis  rfill  bring 
the  poiiu  A*  a  twelfth  part  of  a  iiaturiil  day,  or  two 
Jiours,  sooner  to  the  star  than  lo  ihe  Sun,  for  the  au. 
gle  JV^  n  is  equal  to  the  angle  ASH;  and  thereibre 
any  star  whicli  eomcs  to  llie  jneildian  at  noon  >vith 
the  Sun  when  the  Earth  is  at  A,  uiil  come  to  ihc 
meridian  at  10  iti  l|ie  foionoon  »\hen  the-  Earth  is  at 
B.  Wlien  the  Eailh  comes  to  C,  tlic  point  A*  will 
have  the  star  on  its  meridian  at  ti  in  tlK  moi'ninK,  « 
four  hours  sooner  llian  it  comes  round  to  the  Sun ; 
for  it  must  revolve  from  jVto  ii  Ixfoic  it  !ias  the  Sim 
in  its  meridian.     Wlicn  the  Earth  eomes  to  D,  Ibe 
point  A'will  have  the  star  on  its  meridian  at  6  iii  Uie 
mominUjbut  tliat  point  must  revolve  six  hours  more 
from  jVtu  H,  before  it  lias  mid-dfly  by  the  Sun:  ft 
now  the  angle  ASD  is  a  right  angle,  and  ^^%  A'/l 
w ;  that  is,  the  Ii'.arth^has  advanced  90  degrees  in  il 
orbit,  and  must  turn  90  degrees  on  its  axis  to  can 
the  point  A*  from  the  star  to  the  Sun  :  for  llie  stun 
ways  comes  to  the  meridian  when  A*  m  is  panUlc-l  1 
USA;  liecausei)  5  is  but  a  point  in  respect  i 
R  S.   When  the  Earth  is  at  E,  the  star  comes 
the  meridian  al  4  in  the  morning ;  at  /'',  at  2  in  tl 
-     morning;    and  at  G,  tlie  Eirtli  having  gone  hi 
round  its  orbit.  A*  points  to  the  star  Ii  al  niidnighl 
it  being  then  directly  oppohile  to  the  Sun,     An 
therefore,  by  the  Eaith's  diurnal  motion,  the    '^^ 
comes  to  tlic  meridian  J2  liours  before  llie  ! 
When  the  Eartli  is  at  //,  the  star  comes  to  the 
.  ridian  at  10  in  the  evening;  at  /it  comes  lo  Uk  me- 
ridian at  8,  that  is,  16  hours  before  the  S\m;  at  K 
18  houra  before Iiini;  atXSO  houia;  atil/22;  and 
at  A  equally  with  the  Sun  again. 


t£il 


Of  Solar  and  Sidereal^Time. 


A  Table,  stiewii^  how  much  of  the  V^clestiul  Ecjuator 
passes  over  the  Meridian  in  any  Part  of  a  mean  Solar 
Day;  and  how  much  the  Fixed  Stars  gain  upon  the 
mean  Solar  Time  every  Day,  for  a  Month. 
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Of  Sohr  and  Sidereal  Time. 

I  Thus  it  is  plain,  that  an  absolute  turn  of 
rth  on  its  axis  (which  is  ahva)'s  completed 
^■  particular  meridian  comes  to  he  parallel  to 

-TTSTiTOaiioii  at  any  time  of  the  day  before)  never 
brings  the  siime  merid  ian  round  fi'om  the  Sun  to  the- 
Sun  again;  but  that  the  Earth  requires  as  mOch 

.  more  than  one  turn  on  its  axis  to  finish  a  natural  day» 
as  it  has  gone  forward  in  that  time ;  wliich,  at  a  mean 
stale,  is  a  S65th  part  of  a  circle.  Hcrice,  in  365 
days,  the  Earth  turns  366  times  round  its  axis  ;  and 
tlierefore,  as  a  turn  of  the  Eartli  on  its  axis  com- 
pletes a  sidereal  day,  there  must  be  one  sidereal  day  ' 
more  in  a  year  than  the  number  of  solar  days,  be  the  • 
number  what  it  will,  on  the  Earih,  or  any  other 
planet,  one  turn  being  I04C  with  respect  10  the  num> 
ber  of  solar  days  in  a  year,  by  the  planet's  going 
round  the  Sun ;  just  as  it  would  be  lost  to  a  travel- 
ler, who,  in  going  round  the  Earth,  would  lose  one 
day  by  folloiving  the  apparent  diurnal  motion  of  the 
Sun ;  and  consequently  would  reckon  one  .day  less 
at  his  return  (let  him  lake  what  time  he  wouIdJo  go 
round  the  Earih)  than  those  who  remained  ■  the 
while  at  the  place  from  which  he  set  out. 

So.  if  there  were  two  Earths  revolving  etjually  on 
their  axes,  and  if  one  remained  at  A  unijl  the  other 
had  gone  round  the  Sun  from  A  to  A  again,  that 
Earth  nhicli  kept  its  place  at .-/  would  have  its  solar 
and  sidereal  days  always  of  the  same  kngth ;  and  so 
would  kive  one  solar  day  more  than  ilie  otlier  at  its 
return.  Hence,  if  the  Eitrlh  turned  but  once  round 
ilsaxi5inayear,and  if  that  turn  were  made  the  same 
way  as  the  Earth  goes  round  the  Sun,  there  would 
be  continual  day  on  one  side  of  the  Earth,  and  con- 
tinual  nieiit  on  the  other. 

223.  The  first  p;irt  of  the  preceding  table  shews 
how  much  of  the  celestial  equator  passes  over  the 
meridian  in  any  given  p«ri  of  a  mean  solar  day, 
and  is  to  be  understood  the  same  way  as  the  tabic 
in   the  220th  article.     The  latter  part,  mlituled. 


Of  the  Equation  of  Time.  *  16S 

Accelerations  of  the  fixed  Starsy  affords  us  an  easy  xo  know  * 
method  of  knowing  whether  or  not  our  clocks  and  ^y  ^^c 
watches  go  true :  i  or  if,  through  a  small  hole  in  a  ther  fT*^*' 
window-shutter,  or  in  a  thin  plate  of  metal  fixed  tocio<!:gocs 
a  window,  wc  observe  at  what  time  any  star  disap-  *^^  ^' 
pears  behind  a  chimney,  or  corner  of  a  house,  at  u 
little  distance ;  and  if  the  same  star  disappear  the 
next  night  3  minutes  56  seconds  sooner  by  the  clock 
or  watch ;  and  on  the  second  night,  7  minutes  52  se- 
conds sooner ;  the  third  night  1 1  minutes  48  seconds 
sooner ;  and  so  on,  every  night  as  in  the  table,  which 
shews  this  difference  for  30  natural  days,  it  is  an  in- 
fallible proof  that  the  machine  goes  true;  otherwise 
it  does  not  go  true,  and  must  be  regulated  accord- 
ingly ;  and  as  the  disappearing  of  a  star  is  instanta- 
neous, we  may  depend  on  this  information  to  half  a 
second. 

CHAP.  XIII. 

Of  the  Equation  of  Time. 

ooA  Tr^HE  Earth's  motion  on  its  axis  being  per- 
I  fecdy  uniform,  and  equal  at  all  times  of 
the  year,  the  sidereal  days  are  always  precisely  of  an 
equal  length ;  and  so  would  the  solar  or  natural  days 
be,  if  the  Earth's  orbit  were  a  perfect  circle,  and  its 
axis  perpendicular  to  its  orbit.     But  the  Earth's  di-  "^^f  ?"^ 

1.11  ft  do^lm 

umal  motion  on  an  inclined  axis,  and  its  annual  mo-  equal  only 
tion  in  an  elliptic  orbit,  cause  the  Sun's  apparent  mo- «»  f*>ur 
tion  in  the  heavens  to  be  unequal :  for  sometimes  he  g-^^^ 
revolves  from  the  meridian  to  the  meridian  again  in 
somewhat  less  than  24  hours,  shewn  by  a  well-regu- 
lated  clock;  and  at  other  times  in  somewhat  more; 
so  that  the  time  shewn  by  an  ecjual- going  clock  and 
a  true  Sun-dial  is  never  the  same  but  on  the  14th  of 
Aprils  the  15th  ot  June,  the  31st  o{  August yV.\\A 
the  23d  of  December.     The  clock,  if  it  go  equa- 
bly and  true  all  the  year  round,  will  be  before  tlie  . 
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Sun  from  ihc  23d  of  December  till  the  14lh  fii.-tpriti 
from  that  time  till  the  16th  of  June  the  Sun  uill  bis 
before  ihc  clirck;  from  iJic  15lh  of  June  till  the  3Js 
of  August  the  clock  will  be  again  before  the  Sim 
and  from  tlience  to  the  23d  of  Dacemher  the  Sui 
will  be  taster  than  the  clock, 
g  225.  The  tables  of  the  equation  of  natural  days^ 
•  »t  tlie  eiid  of  the  following  cliapter,  shew  the  tim-^^* 
that  ought  to  be  pointed  out  by  a  weU  regulate 
dock  or  watch,  every  day  of  the  year,  at  the  pre.; 
else  moment  of  solar  noon ;  that  is,  when  the  Smrt 
centre  is  on  tlie  meridian,  or  when  a  true  sun*< 
shews  it  to  be  precisely  twelve.  'X'hub,  on  the  5tU 
oi  January  in  leap-yciu",  wlien  the  Sua  is  on  the  n 
ridian,  it  ought  to  be  5  minutes  52  sccontls  | 
twelve  by  the  clock :  and  on  the  \5\\-i  oi May,\ 
the  Sun  is  on  the  meridian,  the  time  by  the  clocfc 
should  be  but  56  minutes  1  second  past  eleven : 
the  former  case,  the  clock  is  5  minutes  52  second* 
before  the  Sun;  and  in  the  latter  case,  ihe  Sun  is  3 
minutes  59  seconds  faster  than  the  clock.  Biit  witli- 
out  a  meridian-line,  or  a  transit-instrument  Iix4ln  the 
plane  of  the  meridian,  we  cannot  set  a  sun-dial  true. 

226.  The  easiest  and  most  expeditious  ivay  o| 
drawing  a  meridian-line  is  tins:  Make  four  «  five-con- 
centric  circles,  about  a  quarter  of  an  inch  from  one  an. 
other,  on  a  Hat  board  about  a  foot  in  breadth  ;  aud  Icl 
the  outmost  circle  be  but  little  less  than  the  board  wiD 
contain.  Fix  a  pin  perpendicularly  in  the  centre,  and 
of  such  a  length  that  its  (\'hole  shadow  may  fall  within 
the  innermost  circle  for  at  least  four  hours  in  the  mid- 
dle of  the  day.  The  pin  ought  to  be  about  ant; 
eighth  part  of  an  inch  thick,  and  to  have  a  ro^irtfl' 
blunt  point.  The  board  being  set  exactly  lc\-el  ih  a 
place  where  the  Sun  shines,  suppose  Irom  eight  iiti 
the  morning  till  four  in  the  afternoon,  about  which^ 
hours  the  end  of  the  sliadow  should  fall  •f.'vhoui 
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iill  the  circles;  watch  the  times  in  the  forenoon, 
^vhen  the  extremity  of  the  shortening  shadow  just 
touches  the  scvfrai  circles,  and  thert;  make  marks. 
Then,  in  the  afternoon  of  the  same  day,  watch 
the  lengthening  shadow,  and  where  its  end  touches 
the  several  circles  in  going  over  them,  make 
marks  also.  Lastly,  with  a  puir  of  compasses,  find 
exactly  the  middle  point  between  the  two  marks  on 
any  circle,  and  draw  a  straight  line  from  the  centre 
to  that  point :  dus  line  will  be  co\ered  at  noon  by 
the  shadow  of  a  small  upright  wire,  whicli  should 
be  put  in  the  place  of  the  pin.  The  reason  for  draw- 
ing several  circles  is,  that  in  case  one  ]>ari  of  the 
day  should  prove  clear,  and  the  other  part  somewliat 
cloudy,  if  you  miss  the  time  when  the  point  of  the 
shadow  sliould  touch  one  circle,  you  may  perhaps 
catch  it  in  touching  another.  Ttie  best  lime  for 
drawing  a  meridian  line  in  this  manner  is  i^bout  the 
summer  solstice  ;  because  die  Sun  changes  his  de- 
cUnation  slowest  and  his  altitude  iastest  on  the  long- 
est days. 

If  thk  casement  of  a  window  on  which  the  Sun 
shines  at  noon  be  quite  upright,  you  may  draw  a 
line  along  tlie  edge  of  its  shadow  on  the  floor, 
when  the  shadow  of  the  pin  is  exactly  on  the 
meridian  line  of  die  board  :  and  as  the  motion  of  the 
shadow  of  the  casement  will  be  much  more  sensible 
on  the  floor  than  that  of  the  slnidow  ol'  the  pin  on 
tlic  board,  vou  may  know  to  a  few  seconds  when  it 
touches  the  meridian  line  on  llie  floor;  and  so  regu- 
late your  clock  ibr  the  day  of  observation  by  diat 
line  and  the  ctiuation- tables  abow  mentioned,  \  '225. 

227.  As  the  equation  of  time,  or  difference  E^uiilon 
between  the  time  shewn  by  a  well  regulated  clock  jj"^*""' 
and  that  by  a  true  sun-dial,  depends  upon  two  caus>  pimined. 
es,  namely,  the  obliquity  of  the  ecliptic,  and  the 
unequal  motion  of  the  Earth  in  it;  we  shall  first 
Y 
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cxpliiin  the  effects  of  these  causes  separately,  ■Jttt 
then  the  united  efttcis  resulting  from  ihcir  coml]i| 
nation. 

228.  The  Karth's  motion  on  its  axis  bein 
(jerfcctly  equable,  or  always  at  the  same  rate,  ail 
the*  plane  ol'  the  cqualor  being  perpendlcul:ir  to  it 
axis,  it  is  evident  that  in  equal  times  equal  portion 
of  the  equator  pass  over  the  mcridi^iu  ;  and  so  tvouK 
tqual  portions  of  the  ecliptic,  if  it  were  parallel  S 
The  first  OT  coincident  with  the  eciualor.  But,  as  the  eclipti 
pmorihejg  oblique  lo  tiie  equator,  the  equable  motion  of  If 
o?trni'c"  Karth  carries  unequal  portions  of  the  ecliptic  r" 
the  meridian  in  equal  times,  the  difference  1> 
proportionate  to  the  obliquity  ;  and  as  some  parts  c 
the  ecliptic  are  much  more  obliqut:  than  olhcrSf 
those  differences  are  unequal  amoiifi;  themselvcai 
'J'hcrcfore  if  two  Suns  should  start  either  ih 
the  beginning  of  Aries  or  of  Libra,  and  continue  U3 
move  tlirough  equal  arcs  in  equal  times,  one  in  tiM 
equator,  and  the  other  in  llie  ecliptic,  tlie  equators 
Sun  would  always  return  to  the  meridian  iu  24  hotn 
time,  as  meabui cd  hy  a  well-regulated  cldbk  ;  bu 
ijic  Sun  iu  die  ecliptic  would  return  to  the  mcridi* 
souieiinies  sooner,  and  sometimes  later  than  th 
equatorial  Sun  ;  and  only  at  the  same  moments  w'it 
him  on  lour  days  of  the  year;  namely,  the  20th  o 
March,  when  the  Sun  enters  Aries;  the  SUtfl 
June,  when  he  enters  Cancer ;  the  23d  of  Srptem 
htr,  when  he  enters  Libra;  and  the  21st  oi Decern 
btr,  whtn  he  enters  Capricorn.  But,  as  there  \ 
only  one  Sun,  and  his  apparent  motion  is  always  u 
the  ecliptic,  let  us  henceforth  call  liim  the  real  Sun 
and  die  other,  which  is  supposed  to  move  in  I* 


'  If  tbe  Earth  were  cut  niong  Oie  eoialor,  quite  Ihrnurii  Om  « 
tre,  tlic  OhI  -ui ince  i.f  iliis  seciioii  wi^uid  be  tlie  plane  of  die  eqti 
tor ;  as  the  imper  coiituiue-d  witldn  any  ditle  may  be  jastff  ton 
Ute  plane  <dUHt  ciicle. 
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equator,  the  fictitious:  to  which  last,  the  motion  of /"'aw  vi. 
n  ivell-ri'f;ulaicd  clock  always  answers. 

Let  ^  T  -  1*^  be  tlie  EarUi,  ZFJix  its  axis,  r^g.  m, 
flif£/f,&c.tliecquator,.4-fit'i)/l',&c.thencrlhcmhaU 
of  the  ecliptic  liom  t  to  a  oh  the  side  of  the  gloljc 
next  the  eye,  and  MNOP,  &c.  ihc  iouthem  half  on 
tlie  opjiosite  side  Irom  :&  lo  T.     Let  the  paints  at  | 

jI,  li,  C,  D,  £,  I'',  S;c.  quite  round  irom  '*'  to  t 
again,  bound  equal  ponions  of  tlie  ecliptic,  gone 
throuch  in  equal  times  by  the  real  Sun;  and  those 
at  ti,  0,  c,  (/,  e,f,  &c.  equal  partious  of  the  equator 
described  in  equal  times  by  tite  fictitious  Sun;  and 
let  Z  v  z  be  the  meridian. 

As  the  real  Sun  moves  obliquely  in  the  ecliptic, 
and  the  fictiiious  Sun  directly  in  the  equator,  with 
respect  to  tlie  meridian,  a  degree,  or  any  number  of 
degrees,  between  T  and  /""on  the  ecliptic,  must  be 
nearer  die  meridian  Z  f  ',  ihan  a  degree,  or  any 
corresponding  number  of  degrees,  on  the  equator 
from  V  to/";  and  die  more  so,  as  they  are  the  more 
oblique :  and  tlierefoie  the  true  Sun  comes  sooner  to 
the  meridian  every  da)'  while  be  is  in  the  quadrant 
V  y*",  than  the  fictitious  sun  does  in  the  quadrant  f 
f;  for  M'iiiclj  reason,  the  solar  noon  precedes  noon 
by  die  clock,  until  the  real  Suit  comes  lo  F,  and  the 
fictitious  toy;  which  twn  points,  being  equidistant 
from  the  meridian,  both  suns  will  come  to  it  pre- 
cisely at  noon  by  the  clock. 

While  the  real  Sun  describes  the  second  qua- 
drant of  the  ecliptic  FGHIKL  from  oss  to  ^,  lie 
comes  later  to  the  mcridiim  every  day  dian  ihe  fic- 
tittous  smi  moving  dirough  the  M^cond  quadrant  of 
the  equator  fromy'  to  a;  for  the  points  at  (i,  11, 1, 
JST,  and  //,  being  far.her  from  the  meridian  than  their 
corrcspondiug  jjoints  at  ,,5-,  h,  i,  k,  and  /,  iliey  must 
be  later  in  coming  lo  it ;  and  us  bodi  suns  come  at 
c  moment  to  die  point  *■,  they  come  to  the 
n.at  the  moment  of  no<m  toy  the  ctodt. 
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In  (Icpartinj*  from  Libra,  through  the  third  qi 
rant,  the  rial  Sun  going  through  AIAVPQ  toward 
V5  at  B,  and  the  ficutioussuinhrough  »iMo/iy  toward 
r ;  the  I'ormer  comes  to  the  meridian  every  day  SOOD- 
cr  tlun  the  latter,  until  the  real  Sun  comes  to  vj ,  " 
the  fictitious  to  r,  and  then  they  both  come  to 
meridian  at  the  same  time. 

Lastly,  as  llie  real  Sun  moves  equably  througb 
STUFlf^,  from  yj  toward  T ;  and  the'  fictitious 
sun  through  sttww,  from  r  toward  V,  tfic  former 
comes  later  every  day  to  the  meridian  than  the  fat- 
ter, until  they  both  arrive  at  the  point  l>,  and  then 
they  make  it  uoon  at  the  same  time  with  the 
clock. 


ltd  quao^l 
iward 

iward 

50QD- 

ough" 


229.  The  annexed  table  shews  how  much  il 

Sun  is  faster  or  slower  than  the  clock  ought  to  be; 

so  far  as  the  difft-rence  depends  upon  the  oblrqui^ 

of  the  ecliptic ;  of  which  the  signs  of  the  first  and 

A  tabk  tf  third  quadrants  are  at  the  head  ol'  die  table,  and  thdr 

tbe  eiiiu-  ^jegrees  at  the  left  hand;  and  in  these  the  Sun  is 

time  de.    faster  than  the  clock  :  the  signs  of  the  second  and 

prndin^    fourth  quadrants  are  at  the  loot  of  the  table,  and  theil 

Sun'i*       degrees  at  the  right  hand ;  in  all  which  the  Sun  \ 

pUce  in    slower  than  the  clock ;  so  that  entering  tlie  tat 

iheechp.  ^^jjj^  jjj^  given  sign  of  the  Sun's  place  at  the  hei 

of  the  table,  and  tiie  degree  of  his  place  in  that  agn 

at  the  left  hand;    or  ttilh  the  given  sign  at  tlic 

foot  of  the  trfsle,  and  degree  at  die  right  hand; 

in  the  angle  of  meeting  is  the  number  of  minutes 

and  seconds  that  the  Sun  is  faster  or  sloiver  than 

the  clock :  or,  in  other  words,  the  quantity  of  time 

in  ivhicli  the  real  Sun,    when  in  that  part  of  the 

ecliptic,    comes  sooner  or  later  to   the  meridian 

than  the    ficriiious   sun  in   the  equator.      ThU! 

wlieii  the  Sun's  place  is  8  Taunis   12  degrees, 

is  9  mintitcs  47  seconds  faster  than  the  clocl 


I 


1 


t 


i^i^id 
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and  when  his  place  is  25  Cancer  18  degrees,  he  is  0 
minutes  2  seconds  sbwer. 
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Sun  sliower  than  the  Clod  in     / 

This  table  is  Formed  by  taking  the  difference  bc-^ 
tween  the  Sun^s  longitude  and  its  right  ascensioit 
and  turning  it  into  time. 
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230.  TJii$  pnrt  of  the  equation  of  time  may  _ 
haps  be  somewhut  difficult  to  understand  by  a  figm 
because  both  IltIvcs  of  the  eclijjtic  seem  to  Ije 
the  Slime  side  of  ilie  f^lobf:  butitmay  bf  made  v 
easy  to  ;iny  person  who  has  a  real  globe  bt-lbri-  liim,^ 
by  putting  bm;ill  patches  on  every  tenth  or  6fieenth 
dt-grcc  boili  of  the  equator  and  ecliptic,  beginning 
at  Aries  f  ;  and  then  turning  tlie  ball  slowly  roum' 
Mestwiird,  he  nil!  sec  all  the  patches  from  Aries  ti 
Cancer  come  to  the  brazen  mcriilian  sooner  tlian 
corresponding  patches  on  the  equator;  all  those  froi 
Cancer  to  Libra  will  come  later  to  the  meridian 
tlicir  corresponding  patches  on  the  equator ;  Ul 
from  Libra  to  Capricorn  sooner,   and  thoae  froi 
Capricorn  to  Aries  later ;  and  the  patches  at  the  be. 
ginniiigs  of  Aries,  Ctincer,  Libra,  and  CaprJcomi 
jjeing  either  on  or  even  with  those  on  the  equator,  j 
shew  that  the  two  suns  eitlicr  meet  there,  or  nre  even 
A\itli  one  another,  and  so  come  to  the  meridiiin  al 
the  same  moment. 

23 1 .  Let  us  suppose  thai  there  are  two  litde 
moving  equably  round  a  celestial  globe  by  clocl 
work,  one  always  keeping  in  the  ecliptic,  and  gil 
with  gold,  to  represent  the  real  Sun;  and  the  other 
keeping  in  the  equator,  and  silvered,  to  represent  ibe 
fictitious  sun  :  and  tliat  whibe  these  bulls  move  once 
round  the  gloljc  according  to  the  order  of  signs,  tin 
clock  turns  the  globe  SCO  times  round  its  axis  wcsl 
ward.  The  stars  will  make  36C  diurnal  revolution 
from  t!ic  broeen  meridtun  to  it  again,  and  ilie  tw 
balls  riprihtnting  llie  real  and  fictitious  suns  alway 
going  liiriher  eastward  from  any  given  star,  will  comC: 
later  than  it  to  the  meridian  ever)' following  day : 
and  each  ball  will  make  365  revolutions  lo  the 
meridian ;  coming  equally  to  it  at  the  beginnings 
of  Aries,  Cancer,  Libra,  and  Capricorn ;  but  in 
every  other  point  of  the  ecliptic,  the  gilt  ball  will.] 
come  cither  sooner  or  later  to  the  meridian  ibiUl 


cr 

lie 

i 
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rilyered  hall,  like  the  patches  above-mentioned.  This  Piau  VS 
^^pld  be  a  pretty  way  enough  of  hhewing  the  rea. 
Inhy  any  given  star,  which,  on  a  certain  day  of 
■year,  comes  to  tlie  meridian  iviih  tlie  Sun,  pas- 
»over  il  so  much  soouer  every  following  day,  as 
Uiai  diiy  twelvemonth  to  come  to  the  meridian  I 
ti  the  Sim  again;  und  also  to  bhew  the  reason  I 
J  the  real  Sun  conies  to  the  meridian  sotiictimcs  I 
pier,  and  iomctinies  later,  than  the  time  wlicn  it  ] 
wn  by  llif  clock  ;  and  on  lour  days  ol'  the  year,  j 
c  same  timet  uhile  the  fictitious  sun  alivays  ] 
Bes  to  the  meridian  \vhen  it  is  twelve  at  noon  by  I 
Iclock.     This  wonid  be  no  diflicutt  task  lor  an  1 
Hkt  to  i)crform ;  for  the  gold  ball  might  be  carried  J 
round  the  ecliptic  by  a  w  ire  from  its  iiordi  pole,  and  J 
the  silver  bjll  round  the  eijuaior  by  a  wire  from  its'! 
souUi  pole,  by  meanii  of  u  few  wheels   to  each;  \ 
uhicli  might  be  easily  added  to  my  improvement  of  i 
tlie  celestial  globe,  described  in  N°  4  83  of  the  }*hU  ' 
loso/>/i!ca/  7'riiiisucliofts ;  and  of  which  I  ihall  giie  a 
dehcription  in  the  latter  part  of  this  book,  from  t!ie 
third  figure  of  ihe  third  plate. 

232.  It  is  plain  that  if  die  ecliptic  were  more  ob-  Fig.  iv. 
lltjuely  posited  to  the  equator,  as  ilie  dotted  circle  T  .v 
i=,  the  equal  divisions  from  Y"  to x  would  come  Mill 
sooner  to  llie  meridian  Z  0    V  than   those  marked 
,A,  £>  C,  Dt  and  M,  do :  for  two  divisions  coniuin- 
ing  30  degrees,  from  f  to  the  second  dot,  a  hltle 
short  of  the  figure  i,  come  iiooncr  to  die  meridian 
than  one  division  containing  only  15  degrees  from  T  i 
to  jI  does,  as  the  ecliptic  now  stands  ;  and  diose  of  j 
the  second  quadrant  from  x  \o  ^  would  be  so  much  f 
later.  'I'he  third  (juadrant  \vould  lie  as  the  first,  and  I 
the  Iburth  as  the  second.    And  it  is  likewise  [ilain,  | 
that  where  the  cclintic  is  most  oblique,    namely, 
about  Aries  and  Libra,  the  djfiereiice  would  be  j 
greatest;  and  least  about  Cancer  and  Capricorn, 
■gfaerc  the  oblfaiiuiy  is  Icasu 


t^aievi.       234.  Having  explained  one  cause  of  the  difier. 

The  se-    cnce  of  time  shewn  by  a  well -regulated  clack  and  a 

comipm  true  sun-dial,  and  considcrtd  ihc  Sun,  not  die  Earth, 

eoHaiion    2s  moving  in  the  ecliptic,  we  now  [iroceed  to  ex- 

mtime.     plain  the  otlitr  cause  at"  this  difference,  namely,  the 

inequality  of  the  Sun's  apparent  motion,    )  205, 

which  is  slowest  in  summt.r,  when  the  Sun  is  far. 

ihest  from  the  Earth,  and  swiftest  in  winter  when  he 

is  neaixst  to  it.     But  the  Earth's  motion  on  its  axis 

is  efjuable  all  the  jear  round,  and  is  performed  from 

west  to  easl ;  which  is  the  way  that  the  Sua  appcsurs 

to  change  his  place  in  the  ecliptic.  ^ 

235.  If  the  Sun's  motion  were  equable. in  the. 

ecliptic,  the  whole  difference  between  tlie  equal  time. 

as  shewn  by  the  clocl;,  and  the  unequal  time  as 

shewn  by  the  Sun,  would  arise  from  the  obliquity  of 

the  ecliptic.    But  the  Sun's  motion  sometimes  ex- 

ceeds  a  dt^rec  in  24  hours,  though  generally  it  is 

less;  and  when  his  motion  is  slowest,  any  parucular 

meridian  will  revolve  sooner  to  him  dian  when  his 

motion  is  quickest;  for  it  will  overtake  him  in  leasj 

tune  when  he  advances  a  less  space  than  when  he 

moves  tiirough  a  larger. 

23S.'  Now,  if  there  were  two  suns  moving  in  the, 
plane  of  the  ecliptic,  so  as  to  go  round  it  in  a  year ;,, 
the  one  describing  an  equal  arc  everj'  24  hours,  and, 
tlie  other  describing  sometimes  a  less  arc  in  2-1 
hours,  and  at  oUlcr  times  a  larger :  gaining  at  one 
time  of  the  year  what  it  lost  at  the  opposite;  it  is 
evident  that  either  of  these  suns  would  come  sooner 
or  later; to  the  meridian  than  tlie  other,  as  it  hapijcii- 
ed  to  be  behind  or  before  the  other :  and  when  they 
were  bodi  in  conjunction,  thcj^  would  come  to  the 
meridian  at  tiie  same  moment. 

237.    As  t!ic  real  Sun  moves  uncquably  in  the 

ecliptic,   let  us  suppose  a  fictitious  sun  to  move 

Fig- IV.    eqitably  in  a  circle  coincident  with  the  plane  of 

the  ecliptic.    Let  ABCD  lie  the  ecliptic  or  oibit 
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in  whicli  the  real  Sun  moves,  and  tiie  doited  circle 
a,  b,  c,  dy  tlie  imaginary  orbit  of  the  fictilioiis  sun  j 
each  going  round  in  a  year  according  to  the  order 
of  letters,  or  from  west  to  east.  Let  HIKL  be  the 
Karth  turning  round  its  axis  the  same  way  every  24 
hours  ;  and  suppose  both  suns  to  start  from  A  and 
a,  in  a  right  luie  with  the  plane  of  tlie  meridiaji 
£/r,  at  the  same  moment :  the  real  Sun  at  A,  being 
then  at  his  greatest  distance  from  the  Karth,  at  which 
time  his  motion  is  slowest ;  and  the  fictitious  sun  at 
a,  whose  motion  is  always  equable,  because  his  dis- 
tance from  tlie  Karlh  is  supposed  to  be  always  the 
same.  In  the  time  that  the  meridian  revolves  from 
Hkq  /^  again,  according  to  die  order  of  the  letters 
HIKL,  the  real  Sun  has  moved  from  A  to  F;  and 
the  fictitious,  with  a  quicker  motion,  from  a  to  f, 
through  a  larger  arc  ;  therefore,  the  meridian  E  H 
will  revolve  sooner  from  Hiah  under  llie  real  Sun 
at  F,  than  from  Hio  k  under  the  fictitious  sun  at  f; 
and  consequenUy  it  will  then  be  noon  by  llie  sun- 
dial sooner  than  by  the  clock. 

As  the  real  Sun  moves  from  A  to^vard  C,  tho 
swifrness  of  his  motion  increases  all  the  way  to  C, 
Avhere  it  is  at  tlie  quickest.  But  notwitiislanding 
this,  the  fictitious  sun  gains  so  much  upon  the  real, 
soon  after  his  departing  from  A,  that  die  increasing 
velocity  of  the  real  Sun  does  not  bring  him  up  widi 
the  equably*  moving  fictitious  sun  uU  the  tonncr 
comes  to  C,  and  the  latter  to  c,  when  each  has  gone 
half  round  its  resiwctive  orbit ;  and  then,  being  in 
conjunction,  the  meridian  E  H  revolving  to  E  K 
comes  to  both  Suns  at  the  same  time,  and  therefon; 
it  is  noon  by  them  both  at  the  same  moment. 

But  the  increased  velocity  of  the  real  Sun,  now 
being  at  the  quickest,  carries  litm  before  the  ficti- 
tious one;  and,  dierefore,  tlic  same  meridian  will 
come  to  the  fictitious  5un  sooner  than  to  the  real ; 
for  while  the  fictitious  sun  moves  from  <?  to  ^ ,  the 
real  Sun  moves  through  a  greater  arc  from  C  to  Q: 
consequently  the  point  A"  lias  its  noon  by  tlie  clock 
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PLATE  when  it  comes  to  k,  but  not  its  noon  by  the  Si 
*■"  till  it  comes  to  /.  And  although  the  velocity  oft! 
real  Sun  diminishes  all  the  way  from  C  to  Ji,  m 
the  ficlitious  sun  by  an  equable  motion  is  still  cm 
ing  nearer  to  the  real  Sim,  yet  tliey  arc  not  in  co 
junction  till  the  one  comes  to  y^,  and  the  other  too; 
and  then  it  is  noon  by  them  both  at  tlie  same 
nient. 

Thus  it  appears,  that  the  solar  noon  is  alwa^' 

later  than  noon  by  the  clock  while  (he  Sun  goe 

from  C  to  ~^;  sooner,  while  lie  goes  from  j1  to  C^, 

and  at  these  two  points,  the  Sun  aiid  clock  bcoif 

equal,  it  is  noon  by  them  bolh  at  the  same  moment 

Apo^e,        238,  The  points  is  called  t/ic  Suri^s  apogee,  btt 

Md  M^    cause  when  he  is  there,  he  is  at  his  greatest  distunct^ 

aides,       from  (he  Eurth ;  the  point  C,  his  perigee,  becauflf 

wbai.       when  in  it  he  is  at  his  least  dislance  ironi  the  Eivth)^ 

fig-  tv.    an(j  a  j\^\-^^  1;^^^  gg  AEC,  drawn  through  ihc  Enrtli^. 

centre,  from  one  of  these  [raints  to  the  other, 

called  the  line  of  the  apsides. 

239,  The  distance  that  the  Sun  has  gone  in  any 
time  from  his  apogee  (not  the  distance  he  has  to  go 

Mesnino-to  it,  though  eve^  so  little)  is  called  his  mean  aatt 
wh/t!  tnoly,  and  is  reckoned  in  signs  and  degrees,  allow 
ing  30  degrees  to  a  sign.  Thus,  wlien  the  Sun  hM 
gone  174  degrees  from  his  apogee  at  ,■/,  he  is 
to  be  5  signs  24  degrees  from  it,  which  is  his  iiienO 
anomaly ;  and  «hen  he  has  gone  355  degrees  Ironl 
his  apogee,  he  is  said  to  be  11  signs  25  degrees 
from  it,  although  he  be  but  5  degrees  short  of  ,^( 
in  coming  round  to  it  again.  ■' 

240.  From  wliat  was  said  above,  it  appears, 
when  the  Sun's  anomaly  is  less  tluin  6  signs, 
is,  M'hen  he  is  any  \vhcre  between  ^  and  C,  in  the 
half  ^^C  of  his  orbit,  the  solar  noon  precedes 
clock-nooii;  but  when  his  anomaly  is  more  lliail 
signs,  that  is,  when  lie  is  any  wlicre  Ixtwecn  C  and 
.4,  in  the  half  CO.'?  of  his  orbit,  the  clock-noon  pre- 
cedes the  solar.     Wlien  his  anomaly  is  0  signs; 
0  degrees,  that  is,  \Then  he  is  in  Ms  ajKigee  at  A 
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or  6  signs,  0  degrees,  which  is  when  he  is  in  his  pe- 
rigee at  C;  he  comes  to  the  meridian  at  the  moment 
tlmt  the  fictitious  sun  does,  and  then  it  is  noon  by 
them  both  at  the  same  instant. 

241.  The  following  table  shews  the  variation,  or 
equation  of  time  depending  on  the  Sun's  anonnialy, 
and  arising  from  his  unequal  motion  in  the  ecliptic ; 
as  the  former  table,  §  229,  shews  the  variation  de- 
pending on  the  Sun's  place,  and  resulting  from  the 
obliquity  of  the  ecliptic :  thiis  is  to  be  understood  the 
same  way  as  the  other,  namely,  that  when  the  signs 
are  at  the  head  of  the  table,  the  degrees  are  at  the 
left  hand ;  but  when  the  signs  are  at  the  foot  of  the  * 
table,  the  respective  degrees  are  at  the  right  hand ; 
and  in  both  cases  the  equation  is  in  the  angle  of  meet- 
ing. When  both  the  above-mentioned  equations  are 
either  faster  or  slower,  their  sum  is  the  absolute 
equation  of  time ;  but  when  the  one  is  faster,  and 
the  other  slower,  it  is  their  difierence.  Thus  sup- 
pose the  equation  depending  on  the  Sun's  place  be 
6  minutes  41  seconds  too  slow,  and  the  equation 
depending  on  the  Sun's  anomaly,  4  minutes  20  se- 
conds too  slow,  their  sum  is  eleven  minutes  one  sel 
ccxid  too  slow.  But  if  the  one  had  been  6  minutes 
41  seconds  too  &st,  and  the  other  4  minutes  20  se.- 
conds  too  slow,  their  difierence  would  have  been  2 
minutes  21  seconds  too  fast,  because  the  greater 
quantity  is  too  fast. 
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This  table  is  formed  by  turning  the  equation  c 
the  Sun's  centre  (see  p.  344)  into  time. 

242.  The  obliquity  of  the  ecliptic  to  the  equator^ 
which  is  the  first  mentioned  cause  of  the  equation 
of  time,  would  make  the  Sun  and  clock  agree  o 
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four  days  of  the  year;  namely,  when  the  Sun  enters 
Aries,  Cancer,  Libra,  and  Capricorn :  but  tlic  other 
cause,  now  explained,  would  make  the  Sun  and 
clock  equal  only  twice  in  a  year ;  tiiat  is,  when  the 
Sun  is  in  his  apogee,and  in  his  perigee.  Consequently, 
when  these  two  points  fall  in  tlie  beeinnings  crean- 
cer and  Capricorn,  or  of  Aries  and  Libra,  they  con- 
cur in  making  the  Sun  and  clock  equal  in  these 
points.  But  the  apogee  at  present  is  in  the  9tlt  de- 
gree of  Cancer,  and  the  perigee  in  the  9tli  degree 
of  Capricorn ;  and  therefore  the  Sun  and  clock 
cannot  be  equal  about  the  beginnings  of  these  signs, 
nor  at  any  time  of  the  year,  except  when  the  sivift- 
ness  or  slowness  of  the  equation  resulting  from  one 
cause  just  balances  the  slowness  or  swiftness  arising 
from  the  other. 

243.  The  second  table  in  the  following  rfiapter 
shews  the  Sun's  place  in  the  ecliptic  at  tlic  noon  of 
every  day  by  the  clock,  for  the  second  year  after 
leap-year ;  and  also  the  Sun's  anomaly  to  the  near- 
est degree,  neglecting  the  odd  minutes  of  that  de- 
gree. Its  use  is  only  to  asaist  in  the  method  of 
making  a  general  equation-table  from  the  iv/o  fore- 
mentioned  tables  of  equation  depending  on  the  Sun's 
place  and  anomaly,  ij  229,  241 ;  concerning  which 
method  we  shall  give  a  few  examples  presently.  The 
next  tables  which  foUo^v  them  are  made  from  Uiose 
two ;  and  shew  the  absolute  equation  of  lime  result- 
ing from  the  combination  of  both  its  causes;  in  which 
die  minutes  as  well  as  degrees,  both  of  the  Sun's 
place  and  anomaly,  are  considered.  I'hc  use  of 
these  tables  is  already  explained,  ^  225:  and  lliey 
serve  for  every  day  in  leap-year,  and  tlie  first,  se- 
cond, and  third  years  after :  For  on  most  of  the 
same  days  of  all  U]ese  years  the  equation  differs, 
because  of  the  odd  six  hours  more  than  the  365  days 
of  which  the  year  consists. 

ExAMfLE  I.  On  the  Uthof  ./^AnV.die  Sun  isin^^ij" 
the  25th  degree  of  r  Aries  and  his  anomaly  is  9inireq>i*- 
s  15  degrees;  the  cqu.-«ion  resulting  from  the''"*"''''* 
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former  is  7  minutes  22  seconds  of  time  too  fast] 
f)  229;  aiid  from  ihc  latter,  7  minutes  24  seconds 
too  slow,  J  241 ;  the  difference  is*  2  seconds  that  ilia 
Sun  is  loo  slow  at  tlie  noon  of  that  day,  taking  it  in 
gross  for  the  degrees  of  liie  Sun's  place  and  anoi 
maly,  \\-ilhout  making  proportionable  allowance  for 
the  ojid  niinHtes.  Hence  at  noon,  ihe  swifuiessof 
the  one  equation  balancinj^  so  nearly  the  slowness 
of  the  odier,  makes  the  Sun  and  clock  equal  mi 
^ome  i>art  of  that  day. 

Example  II.  On  the  16th  of  June,  the  San  is 
in  the  25th  degree  of  n  Gemini,  and  Iiis  anomaly 
is  1 1  signs  16  degrees ;  the  equation  arising  from 
the  former  is  1  minute  48  seconds  too  fast ;  and 
from  the  latter  1  miniUe  50  seconds  too  slow  j  which 
balancing  one  another  at  noon  to  2  seconds,  the  Sun 
and  clock  are  again  equal  on  that  day. 

KxAMi'LE  III.  On  the  2lsto[Jugnse,  the  Sun'a 
place  is  8  degrees  1 1  minutes  of  rj  Virgo  (which 
wc  call  the  8th  degree,  as  it  is  so  near),  and  his  ano. 
maly  is  I  sign  29  dtg:rees ;  the  equation  arising  from 
the  former  is  6  minutes  40  seconds  too  slow  j  and 
from  the  latter,  6  minutes  32  seconds  too  fast ;  the 
difference  being  only  8  seconds  too  slow  at  not^^ 
and  decreasing  toward  an  equality,  will  make  the 
Sun  and  clock  equal  in  the  evening  of  that  day. 

Example  IV.  On  the  23d  of  December,  the 
Sun's  place  is  1  degree  58  minutes  (call  it  2  degrees 
of  \i  Capricorn),  and  his  anomaly  is  5  signs  23  de* 
grees ;  the  equation  for  the  former  is  43  seconds  too 
slow,  and  for  the  latter  58  seconds  loo  fast ;  the  dif- 
ference is  15  seconds  too  fast  at  noon  ;  ivhich  de- 
creasing will  come  to  an  equality,  and  so  make  ih* 
Sun  and  clock  equal  in  tiie  evening  of  that  day. 

And  thus  we  find,  that  on  some  part  of  each  of 
the  above-mentioned  four  days,  the  Sun  and  clock 
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are  equal ;  but  if  we  work  examples  for  all  other  dap 
of  the  year,  we  shall  find  them  different.    And* 

244.  On  those  days  which  are  equidistant  from 
any  equinox  or  solstice,  we  do  not  find  that  the 
equation  is  as  much  too  &st  or  tOQ  slow  on  the  one 
side,  as  it  is  too  slow  or  too  fast  on  the  other.  The 
reason  is,  that  the  line  of  the  apsides,  \  238,  does  RemarC:. 
not,  at  present,  fell  either  into  the  equinoctial  or  the 
solstitial  points,  \  242. 

245. 1  he  four  following  equation- tables,  for  leap-  The  r«a. 
year,  and  the  first,  second,  and  third  years  after,  •<»  why 
would  serve  for  ever,  if  the  Sun's  place  and  anomaly  2$^^ 
were  always  the  same  on  every  given  day  of  the  year,  but  tcm- 
as  on  the  same  day  foiur  years  before  or  after.  ButP^*^^- 
since  that  is  not  the  case,  no  general  equation-tables 
'    can  he  so  constructed  as  to  be  perpetual. 

CHAP.  XIV. 

Of  the  Precession  of  the  Equinoxes. 

^./j  TT  has  been  already  observed,  i  116,  that  by 
•  J,  the  Earth's  motion  on  its  axis,  there  is  more 
matter  accumulated  all  around  the  equatorial  parts, 
than  any  where  else  (m  the  Earth. 

The  Sun  and  Moon,  by  attracting  this  redundancy 
of  matter,  bring  the  equator  sooner  under  them  in 
everv  return  towards  it,  than  if  there  was  no  such 
accumulation.  Therefore,  if  the  Sun  sets  out  fi'om 
any  star,  or  other  fixed  point  in  the  heavens,  the 
moment  when  ho  is  departing  fix)m  the  equinoctial, 
or  from  either  tropic ;  he  will  come  to  die  same 
equinox  or  tropic  again  20  min.  17y  sec  of  time, 
or  50  seconds  of  a  degree,  before  he  completes  his 
course,  so  as  to  arrive  at  the  same  fixed  star  or  point 
from  ^vl^nce  he  set  out.  For  the  equinoctial  pointt^ 
recede  50  seconds  of  a  degree  westward  every  year, 
contrary  to  the  Sun's  annual  progressive  motion. 
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[  When  the  Sun  arrives  at  the  same  *  equinoctial 
or  solstitial  point,  he  -finishes  what  we  call  the  tropi- 
cal year;  which,  by  obser\'alion,  is  found  to  con- 
tain  365  days  5  hours  48  minutes  57  seconds :  and 
when  he  arrives  at  the  same  fixed  star  again,  as  seen 
i'rom  the  liarth,  he  completes  the  sidereal  year^ 
■which  contains  365  days  6  hours  9  minutes  14)  se- 
conds. The  sidereal  year  is  therefore  20  minutes 
17i  seconds  longer  than  the  solar  or  tropical  year, 
and  9  minutes  I4i  seconds  longer  than  the  Juhan 
or  civil  year,  which  we  state  at  365  days  6  hours: 
so  that  tlic  civil  year  is  almost  a  mean  betwixt  the 
sidereal  and  the  tropical. 

247.  As  tlie  Sun  describes  the  whole  ecliptic,  or 
360  degrees,  in  a  tropical  year,  he  moves  Sl>'  8"  of 
adegree  every  day  at  a  mean  rate :  and  consequently 
50'  of  a  degree  in  20  minutes  I7i  seconds  of  time: 
therefore  he  will  arrive  at  the  same  equinox  or  sol- 
stice when  he  is  50"  of  a  degree  short  of  the  same 
star  or  fixed  point  in  the  heavens  from  v.'\iic\\  he  set 
out  the  year  before.  So  that,  with  respect  to  the 
fixed  stars,  the  Sun  and  equinoctial  points  fall  back 
(as  it  were)  30  degrees  in  2160  years,  which  will 
make  the  stars  appear  to  have  gone  30  deg.  forward, 
with  respect  to  the  signs  of  the  ecliptic  in  tliat  time: 
for  the  same  signs  always  keep  in  the  same  points 
of  the  ecliptic,  without  regard  to  the  constellations. 
To  explain  this  by  a  figure,  lej  tlie  Sun  be  in  con- 
junction  with  a  fixed  star  at  S,  suppose  in  the  30th 
degree  of  «,  on  the  21st  day  of  May  1756.  Then 
making  2160  revolutions  through  the  ecliptic  FfFX^ 


'  'I'hc  two  opposite  points  in  which  ihe  ecliptic  croun 

Ibeei^uinocliuli  arc  callcil  the  eqtdnoetial  ftointt ;  and  the  two 
[loints  where  ihe  ccfiplic  touches  the  tropics  (which  are 
likewise  opposite,  and  SO  iJegrccs  from  the  former)  ure 
lalled  the  tolitilial /:(/inrir. 
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Of  rlic  Precemofi  of  the  Equinoxes. 

al  Iheend  of  so  many  sidereal  years,  he  will  be  found 
again  at  S.-  but  at  the  end  of  so  many  Julian  years, 
he  will  be  found  at  Af,  short  of  S,  and  at  the  end  of 
so  many  tropical  years,  he  «iU  be  found  sliort  ofM, 
in  the  JOth  degree  of  Taurus  at  T,  whicli  has  reced- 
ed back  from  5  to  7"  in  that  time,  by  the  preccssioQ 
of  the  equinoctial  points  r  Aries  and  ^  Ultra. 

The  arc  ST  will  be  equal  to  the  amount  of  the 
precession  of  the  equinox  in  2160  years  at  the  rule 
of  50''  of  a  degree,  or  20  niiii.  17^  sec.  of  time  an- 
nually :  this,  in  so  many  years,  makes  30  days  lOj 
hours  :  which  is  the  difference  between  2160  side- 
real aud  tropical  years.  A  nd  the  arc  MT  wiil  be  equal 
to  the  space  moved  through  by  the  Sun  in  2160 
times  11  min.  3  sec.  or  16  days  13  hours  48  mi- 
nutes, which  is  the  difference  between  2160  Julian 
and  tropical  years. 

248.  From  the  shifting  of  the  equinoctial  points, 
and  with  them  all  the  signs  of  the  ecliptic,  it  follows 
that  those  stars  which  in  the  infancy  of  astronomy 
were  in  .'tries  are  now  got  into  Taurus:  those  of 
Taurtis  uito  Gemini,  &c.  Hence  likewise  it  is,  that 
the  stars  which  rose  or  set  al  any  particular  season 
of  the  year,  in  the  times  of  Hesiou,  P'.udoxub, 
ViRciL,  Pliny,  he.  by  no  means  answer  at  this 
time  to  their  descriptions.  The  preceding  table 
shews  the  quantity  of  this  shifting  both  in  the  heii. 
vens  and  on  tlie  Earth,  for  any  number  of  years  to 
25,920;  which  completes  the  grand  celestial  peri- 
od :  within  \vliich  any  number  and  its  quantity  is 
easily  found,  as  in  the  following  example,  for  5763. 
years;  which  at  the  autumnal  equinox,  J.  D.  1756,r 
is  thought  to  be  the  age  of  the  world.  So  that  with 
regard  to  the  6xcd  stars,  tlie  equinoctial  points  in 
the  heavens  have  receded  2"  20°  2'  30"  since  the! 
crration  ;  which  is  as  much  as  the  Sun  moves  m 
in  SI""  5h  0*  52*.  And  since  that  time,  or  in  5763 
j-ears,  the  equinoxes  with  us  have  fallen  back  44* 
5b  2 1">  g* .  hence,  reckoning  from  the  time  of  the' 
Jtiiian  equinox,  J.  U.  1756,  viz.  Sept.   11th,  it 
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s  thai  the  autumnal  equinox  at  the  creation 
^vas  on  tlie  55tb  of  October, 


249.  The  anticipation  of  the  equinoxes,  and  con-  '^'^  • 
sequently  of  the  seasons,  is  by  no  means  owing  to  lie'eq^f 
the  precession  of  the  equinoctial  and  solstitial  points  n"'*  »"<■ 
in  the  heavens  (which  can  only  affect  the  apparent "'**°'"' 
motions,  places  and  dcchnalious  of  the  fixed  stars) 

but  to  the  difference  between  the  civil  and  solar 
year,  which  is  1 1  minutes  3  seconds;  the  civil  year 
containing  365  days  6  hours,  and  the  sdar  year 
365  days  5  hours  48  minutes  57  seconds.  The  next 
following  table,  page  iy9,  shews  the  length,  and 
consequently  the  difterence  of  any  number  of  side, 
real,  civil  and  solar  years,  from  t  to  10,000. 

250.  Theabove  11  minutt-s3  seconds,  by  which  The  re»- 
the  civil  or  Julian  year,  exceeds  the  solar,  amounts  1^"^'^^ 
to  11  days  in  1433  years:  and  so  much  our  seasons sijie. 
have  fallen  back  witli  respect  to  the  days  of  the 
months,  since  the  time  of  the  Niceiie  council  in 

.4.  D.  325 ;  and  therefore,  in  order  to  bring  back  all 
the  fasts  and  festivals  to  the  days  then  settled,  it  nas 
requisite  to  suppres  1 1  nominal  daj's.  And  that 
the  same  seasons  might  be  kept  to  the  same  times 
of  the  year  for  the  future,  to  leave  out  the  Bissex* 
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liic-day  in  February  at  the  end  of  every  century 
years  where  tbe  significant  figures  are  not  divisiblft 
by  4 ;  reckoning  ihcin  only  common  years,  as  the 
17th,  18th,  and  19th  centuries,  viz.  the  years. 
1700,  1800,  1900,  &c.  because  a  day  intercalated 
every  fourth  year  was  too  much,  and  retaining  tbe 
Bissextile -day  at  the  end  of  those  centuries  of  yeare 
which  are  divisible  by  4,  as  the  I6tb,  20th  and  24lh 
centuries:  viz.  ihe  years  1600,  2000,  2400,  &c. 
Othtnvisc,  in  length  of  time,  the  seiisons  would  be 
quite  reversed  Avith  regard  to  the  months  of  the 
year;  though  it  would  have  required  near  23,783 
years  to  have  brought  about  such  a  total  change.  K 
the  Earth  had  made  exactly  365 j  diurnal  rotations 
on  its  axis,  while  it  revolved  from  any  equinoctid 
or  solstitial  point  to  the  same  again,  the  civil  and  so- 
lar years  would  always  have  kept  pace  together,  and 
the  style  would  never  have  required  any  alteration. 
The  pre.  251.  Having  already  mentioned  the  cause  of  Qw 
cMsaionofpreccssion  of  the  equinoctial  points  in  the  heavctis, 
*!*?i"'*  i)  246,  which  occasions  a  slow  deviation  of  the 
Earth's  axis  Irom  its  parallelism,  and  thereby  s 
change  of  the  declination  of  the  stars  from  the  equa* 
tor,  together  with  a  slow  apparent  motion  of  the 
stars  forward  with  respect  to  the  signs  of  the  eclip- 
tic, we  shall  now  explain  tlic  phenomena  by  a  '"^ 
gram. 

Fig.  vi  hQxNZSFL  be  tbe  Earth,  SONA  its  axis  pro 
duccd  to  the  starry  heavens,  and  terminating  in  A 
the  present  north  pole  of  the  heavens,  which  is  ver 
tical  to  A',  the  north  pole  of  the  EarUi.  Let  EOi 
be  the  equator,  T^  Z  the  tropic  of  Cancer,  an 
FT  \5  the  tropic  of  Capricorn  :  f^OZ  the  ecliptic,' 
and  £0  its  axis,  both  which  are  immoveable  among- 
the  stars.     But  as  *  the  equinoctial  points  recede  ta 

•  The  equitioctial  circle  intercepts  the  ecliptic  in  two  cfmwiM 
points}  nainetjr,  the  tirU  [mints  of  the  ^gns  ^n»  and  i-i^ni.  TtK] 
are  called  tbe  equinoctial  ^mis,  because  when  the  Hub  ig  in  dth 
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the  ecliptic,  the  Earth's  axis  SOJV  is  in  moticm. 
upon  the  Earth's  centre  0,  in  such  a  manner  as  to 
describe  the  double  cone  JVOn  and  SoSj  round  the 
axisof  the  ecliptic,  BOy  in  the  time  that  the  ecjuinoctial 
points  move  quite  round  the  ecliptic,  which  is  25, 920 
years  i  and  in  that  length  of  time  the  north  pole  ctf  the 
Earth's  axis  produced,  describes  the  cixdtABCDAj 
in  the  starry  heavens,  round  the  pole  of  the  ecliptic, 
which  keeps  immoveable  in  the  centre  of  that  circle, 
the  Earth's  axis  being  23{'  degrees  incluied  to  the 
axis  of  the  ecliptic,  the  circle  ABC  D  A,  described 
by  the  nordi  pole  of  the  Earth's  axis  produced  to 
Ay  is  47  degrees  in  diameter,  or  double  the  inclina* 
tion  of  the  Earth's  axis.  In  consequence  of  this  mo- 
tion, the  point  A,  which  at  present  is  the  north  pole 
of  the  heavens,  and  near  to  a  star  of  the  second  mag- 
nitude in  the  tail  of  the  constellation  called  the  Lit- 
tle Bear  J  must  be  deserted  by  the  Earth's  axis ; 
which  moving  backward  a  degree  every  72  years, 
will  be  directed  toward  the  star  or  point  B  in  6480 
years  from  this  time ;  and  in  twice  that  time,  or 
12960  years,  it  will  be  directed  toward  the  star  or 
point  C:  which  will  then  be  the  north  pole  of  the 
heavens,  although  it  is  at  present  8j  degrees  south 
of  the  zenith  of  London  JL,  The  present  position 
of  the  equator  EOQ  will  then  be  changed  into  eOq^ 
the  tropic  of  Cancer  T03  Z  into  rt  22  and  the  tro- 
ic  of  Capricorn  FT  yj  into  t  ^  Z;  as  is  evident 
y  the  figure ;  and  the  Sun,  when  in  tliat  part  of  the 
heavens,  where  he  is  now  over  the  terrestrial  tropic 
of  Capricorn,  and  makes  the  shortest  days  and 
longest  nights  in  the  northern  hemisphere,  will  then 
be  over  the  terrestrial  tropic  of  Cancer,  and  make 
tlie  days  longest  and  nights  shortest.  And  it  will 
require  12,960 years  more,  or  25,920  from  the  pre. 

(tf  them,  he  is  ^recUy  over  the  terrestrial  cquatof :  and  tbeu  theda^ 
mod  n%|at8  are  equal  ^ 


t 
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sent  time,  to  bring  the  north  pole  N  quite  round,  so 
as  to  be  directed  toward  that  point  of  the  heavens 
which  is  vertical  to  it  at  present.  And  then,  and  not 
till  then,  the  same  stars,  which  at  present  describe 
the  equator,  tropics,  polar  circles,  &c.  by  the  Earthls 
diurnal  motion,  will  describe  them  over  again* 
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f   TABLE  shewing  the    Time  contained  in  any  Number  qf  Sidereal^  Juiicaiy 
^      -  and  Solar  Year  ay  from  1  to  1 0000. 
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A  1*ABL£  shewing  what  Time  it  ought  to  be  by  the'| 
Clock  when  the  Sun's  Centre  is  on  die  Meridian. 

'~'    The  third  Year  after  Leap'Yeari 
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*,«  OBSERVE  by  a  good  meridian- )ine» or  oj 

a  transit- instrument,  properly  tiKed,  the  momei 
when  the  Sun's  centre  is  on  the  meridian;  and  set 
the  dock  to  the  time  marked  in  the  preceding 
table  for  that  day  of  the  year.  Then  if  the  clock 
goes  true,  it  will  point  to  the  time  shewn  in  the 
table  every  day  afterward  at  the  instant  when  il  is 
noon  by  the  Sun,  which  is  when  his  centre  is  on 
the  meridian. — Thus,  in  the  first  year  after  leap- 
year,  on  the  20th  of  October,  when  it  is  noon  by 
the  Sun,  the  true  equal  time  by  the  clock  is  only 
44  minutes  49  seconds  past  XI;  and  on  the  last 
day  of  December  { in  that  year)  it  should  be  3  mi- 
nutes  47  seconds  past  XII  by  the  clock  when  tfaqa 
Sun's  centre  is  on  the  meridian.  fl 

The  following  table  was  made  from  the  preced- 
ing one,  and  Is  of  the  common  form  of  a  table  of 
the  equation  of  time,  shewing  how  much  a  clock 
regulated  to  keep  mean  or  equal  time  is  I 
or  behind  the  apparent  or  solar  time  every  day  4 
the  year. 
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How  much  a  Clock  should  ht  faster  or  sbrwer  than 
the  Sun,  at  the  Noon  of  every  Day  in  the  Year, 
both  in  Leap- Years  and  Common  Years. 


[7%e  Asterisks  in  the  Table  skew  where  the  Equation 

changes  to  Slow  or  Fast.  2 
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how  much  a  Clock  should  be  faster  or 

slower 
tNoon. 

thnn  the  Sun,  every  Day  ol  the 

Year,  a 

The  Bissextile, 

.rLe.p 

-Yenr. 

C 

Jan. 

Feb. 

M.i,-ch. 

April. 

May. 

June. 

t 

M.  fi. 

M.  S. 

M.S. 

M,b. 

M.  y. 

M.S. 

4         2 

14        3 

12      30 

3     42 

3      12 

4n30 

14o"^ 

i2nir 

3n2^ 

3019 

2^20 

3 

4o"S8 

14016 
141^22 

1?g  < 

11  F50 

2?i-48 

3  0  26 
3«'33 

3oll 

2£-    i 

1       51 

5 

3      32 

U     27 

11      55 

2      30 

3      37 

6 

7 

6     ly 

14      31 

11      21 

2      13 

3      42 

1      40 

S.'^ib 

UjTS^ 

11^6 

1  ^55 

3  1-46 

12.29 

< 

''S't' 

I4"37 

10^50 

1  S^fc 

3<5C 

1^18 

7:^35 

14?3E 

io:'3:i 

1  P21 

3"  s; 

1?    6. 

10 

8     00 

14      39 

10      18 

1        4 

3      55 

0      54 

8      24 

14     39 

10        2 

0     48 

3      57 

0     43 

12 
13 

8    4; 

14     3( 

9      45 

0      32 

3      5< 

0    30 

9       1< 

!4    3; 

9      It 

0      15 

4     0{ 

0       IS 

9    3; 

14     35 

9      II 

0        1 

4     00 

0      s. 

9      53 

U     32 

8      54 

0-13 

3      59 

0.    . 

\f. 

10      14 

!4     28 

8      36 

0     28 

3      58 

0      21 

17 
IK 

10     34 

14     24 

8      18 

On42 

3      56 

Oo33 

10    s; 

14      19 

8      00 

0  2S6 

3      5« 

0  5-46 

l< 

11       13 

14      13 

7     42 

3      31 

oS-59 

20 

2\ 
5? 

11      30 

14       7 

7     24 

1      22 

S      48 

1       13 

11      47 

14     0( 

7        6 

1      34 

3      44 

1      26 

12       : 

13      52 

6     47 

l|-+6 

3      40 

1  Er39 

1.P, 

12      I< 

13      4^ 

6     29 

1  S57 

3      33 

1^52 

24 

25 

12      3+ 

13      35 

6      10 

2"    8 

s:'    5 

12      48 

13      26 

5      52 

2      19 

3      24 

2      17 

26 

13        1 

.3      16 

5      33 

2      29 

3      17 

2      30 

27 

13      13 

13        5 

5      15 

9      39 

3      10 

2      42  , 
2      54 

2} 

13       L'5 

12      5^ 

4     56 

2      48 

3        3 

2f 

i3      36 

12     42 

.4     37 

3      56 

4 

30 

13     46 

4      19 

3        4 

2      47 

3      18  || 

31 

13     53 

4     00 

fV^*^^J■ 

2      39 

,       i 

■ 

Equaikm-TMes. 


209 


^  A  TABLE  of  the  Equation  of  Time,  shewing  S 
how  much  a  Clock  should  be  &ster  or  slower  ^ 
than  the  Sun,  every  Day  of  the  Year,  at  Noon. 


The  Bissextile,  or  Leap-Year. 
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A  TABLE  of  the  Equation  of  Time,  shewing 

how  much  a  Clock  should  be  faster  or  slower 
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0     52 
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A  TABLE  of  the  Equation  of  Time,  shewing 
how  much  a  Clock  should  be  faster  or  slower 
than  the  Sun,  every  Day  of  the  Year,  at  Noon. 
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S  A  concise  E^uATIOS-^ABLE,  adapted  to  the  Second  Year  af- 
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ter  Leap-Ycar,  and  which  will  be  within  a  Minute  of  the  I 

Truth  for  every  Year  ;  shewing,  to  the  nearest  full  Minute,  > 

how  much  a  Clock  should  be  faster  or  slower  than  the  Sun.  < 

By  Mr,  Smeaton, 
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L              This  table  is  near  enough  the  trutli  for  regulating  com-   ^^ 

1          mon  clocks  and  watches.    It  may  be  easily  copied  by  the 

1          pen,  and>  being  doubled,  may  be  put  into  a  pocket-book. 
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CHAP.  XV. 

r  Moon's  Surjace  mountainous:  Her  Phases  de- 
scribed: Her  Path,  and  tlie  Paths  of  Jupiter's 
Moons  delineated:  The  Proportions  oj  the  liiame- 
ters  of  their  Orbits,  and  those  of  Saturn^  s  Moons, 
to  each  other;  and  the  Diameter  of  the  Sun. 

BY  looking  at  the  Moon  through  an  ordinary  ' 
telescope,  ive  perceive  that  her  surface  is 
diversified  with  long  tracts  of  prodigious  high  moun- 
tains and  deep  cavities.  Some  of  her  mountains,  by 
comparing  their  height  with  her  diameter  (which  is 
2180  miles,)  are  found  to  be  three  times  as  high  as 
the  highest  mountains  on  our  Karth.  This  rugged- 
ness  of  the  Moon's  surface  is  of  great  use  to  us,  by 
reflecting  the  Sun's  light  to  all  sides:  forifthcMoon 
were  smooth  and  polished  hke  a  looking-glass,  or  co- 
vered with  water,  she  could  never  distribute  the  Sun's 
light  alt  round :  only,  in  some  positions,  she  would 
shew  us  his  image,  no  bigger  than  a  point,  but  with 
such  a  lustre  as  might  be  hurtful  to  our  eyes. 

253.  The  Moon's  surfece  being  so  uneven,  many 
have  wondered  why  her  edge  appears  not  jagged  as 
well  as  the  curve  bounding  the  light  and  dark  parts. 
But  if  we  consider,  that  what  we  call  the  edge  of  the 
Moon'sdisc  is  nota  snigle  line  set  round  with  moun' 
tains,  in  which  case  it  would  apjiear  irregularly  in 
dented,  but  a  large  zone,  having  many  mountains  ly- 
ing behind  one  another  from  the  observer's  eye,  we 
shall  find  that  the  mountains  in  some  rows  will  be 
opposite  to  the  vales  in  others,  and  fill  up  the  ine- 
qualities, so  as  to  make  her  appear  quite  round ; 
just  as  when  one  looks  at  an  orange,  although  its 
roughness  be  very  discernible  on  the  side  next  the 
eye,  especially  if  the  Sun  or  a  candle  shines  ob- 
liquely on  that  side,  yet  the  line  terminating  the  vi- 
sible  part  still  appears  smooth  and  evcu. 


The 
surface 
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254.  As  the  Sun  can  only  enlighten  that  half  of  tlie 
Earth  which  is  at  any  moment  turned  toward  liim, 

n  and  being  withdrawn  from  the  opposite  half,  leaves  \X 
in  darkness;  so  he  likewise  doth  to  Uie  Moon;  only 
with  this  difference,  that  the  Earth  being  surrounded 
by  an  atmosphere,  and  the  Mocm,  as  far  as  we  know:, 
having  none,  we  have  twilight  after  the  Sunsets; 
but  the  Lunar  inhabitants  have  an  immediate  transi- 
tion from  the  brightest  sunshine  to  the  blackest  dark- 
ness, 4  177.  For,  let  trk  sw  be  the  Earth,  and  A, 
B,  Cy  D,  E,  F,  G,  H,  die  Moon,  in  eight  dlHcreoi. 
parts  of  her  orbit.  As  the  Eardi  turns  round  its^ 
axis,  from  west  to  east,  when  any  place  comes  to 
(,  the  twilight  begins  there,  and  \vhcn  it  revolves 
from  thence  to  r,  the  Sun  S  rises ;  when  tlie  place 
conies  to  s,  the  Sun  sets,  and  when  it  comes  to  w», 
the  twilight  ends.  But  as  the  Moon  tums  round' 
her  axis,  which  is  only  once  a  month,  the  moment 
ithat  any  point  of  her  surface  comes  to  r  (see  the 
Moon  at  G)  the  Sun  rises  there  without  any  pre- 
vious warning  by  twilight ;  and  when  the  same  point' 
comes  to  s  the  Sun  sets,  and  that  point  goes  inio- 
darkness  as  black  as  at  midnight. 

255.  The  Moon  being  an  opaque  spherical  body 
(for  her  hills  take  off  no  more  from  her  roundness 
than  the  inequalities  on  the  surface  of  an  orange  lake 
off  from  its  roundness),  we  can  only  sec  that  i)artof 
the  enlightened  half  of  her  H-hich  Is  tonard  the  Earth. 
And  therefore  when  the  Moon  is  at  A,  in  conjunction 
with  the  Sun  5,  her  dark  half  is  toward  the  Earth, 
and  she  disappears,  as  at  a;  there  lieing  no  light  oti 
that  half  to  render  it  visible.  When  she  comes  to 
her  first  octant  at  B^  or  has  gone  an  eighth  part  of 
her  orbit  from  her  conjunction,  a  qnarter  of  her  cd- 
lighlcncd  side  is  seen  toward  the  EarUi,  and  she  ap- 
pears horned,  as  at  h.  \\'hen  she  has  gone  a  (juartcr'. 
of  her  orbit  from  between  the  Eanh  and  Sun  to  C, 
she  shows  us  one  half  of  her  enlightened  side,  as  at 
c;  and  We  say,  she  is  a  quarter  old.  At  ^slieis  in' 
her  second  octant,  and  by  shewing  us  more  of  her 
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enlightened  side  she  appears  gibbous,  as  at  d.  At 
E  her  whole  eiiUghteiied  side  is  toward  the  Karth, 
and  therefore  she  appears  round  as  at  e  ;  ivhcn  we 
say  it  is  full  Moon.  In  her  third  octant  at  /'',  part 
of  her  dark  side  being  toward  the  Karth,  she  again 
appears  gibbous,  and  is  on  tht  dccri.-ase,asat_/;  At 
G  we  see  just  one  half  of  her  enlightened  side,  and 
she  api>cars  half-decreased,  or  in  her  third  quarter, 
as  at  g-  At  H  we  only  3;:e  a  quarter  of  her  enlight- 
ened side,  being  in  her  fourth  octant,  where  she  ap- 
pears  homed,  as  at  h.  And  at  A,  having  completed 
her  course  from  the  Sun  to  the  Sun  again,  slic  dis- 
appears; and  we  say,  it  is  new  Moon.  Thus,  in 
going  from  A  to  E,  the  Moon  seems  continually  to 
increase ;  and  in  going  from  E  to  A^  to  decrease  in 
the  same  proportion;  having  like  phases  at  equal 
distances  from  Axa  E  ;  but  as  seen  from  the  Bun 
S,  she  is  ahrays  full. 

25G.  The  Moon  appears  not  pcrlecUy  round  w^hen  """lie  ^ 
■she  is  full  in  die  highest  or  lowest  part  of  her  orbit,  "s*^  n'^ 
because  we  have  not  a  full  view  of  her  enlightened  always 
side  at  that  time.    When  full  in  the  highest  part  of^""  j 
her  orbit  a  small  deficiency  appears  on  her  lower»htnfuil. 
edge;  and  the  contrarj-,  when  full  in  the  lowest  part 
oi"  her  orbit. 

257.  It  is  plain  by  the  figure,  that  when  the  Moon '''''«  P''*- 
changcs  to  the  Karlh,  tlic  Karlh  appears  full  to  theEa*roiand 
Moon  ;  and  vice  versa.     For  when  die  Moon  is  atMooncon- 
A,  new  to  die  Karth,  the  whole  enlightened  side  of '^■ 
the  E.irdi  is  toward  the  Moon  ;  and  when  the  Moon 

is  at  E,  full  to  the  Earth,  its  dark  side  is  toward  her. 
Hence  a  new  Moon  answers  to  nj'u/i  Earth,  and  a 
full  Moon  to  a  nfTV  Earth.  The  quarters  are  also 
reversed  to  each  other. 

258.  Between  die  third  quarter  and  cliange,  theAmgrec 
Moon  is  frequently  visible  in  the  forenoon,  e\  en  when  "I*'"  '''"^" 
the  Sun  shines ;  and  then  she  affords  us  an  opportu-  '""""""'■ 
nity  of  seeing  a  very  agreeable  appearance,  ivhcrcvcr 
WC  find  a  globular  sltjiic  aljovc  the  level  of  the  eve, 
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as  suppose  on  the  top  of  a  gate.     For,  if  the  Si 
shines  on  the  stone,  and  wc  place  ourselves  so  as  the 
upper  part  of  the  stone  may  just  seem  to  touch  the 
point  of  the  Moon's  lowermost  horn,  we  shall  then' 
sec  the  enlightened  part  of  the  stone  exactly  oF  the 
same  shape  with  the  Moon  ;  horned  as  she  is,  and 
inclined  in  the  same  way  to  the  horizon.    The  rea- 
son is  plain;  for  the  Sun  enlightens  the  stone  the 
same  way  as  he  does  the  Moon :  and  both  being 
globes,  when  we  put  ourseh-es  into  the  above  situ. 
ation,  the  Moon  and  stone  liave  the  s:une  positit  " 
to  our  eye  ;  and  therefore  we  must  see  as  much 
the  illuminated  pari  of  the  one  as  of  the  other. 
The  nona.     259.  The  position  of  the  Moon's  cusps,  ora  rig] 
i^Kree'     ^'"'^  touching  the  points  of  her  horns,  is  vciy  differ. 
whit.       endy  inclined  to  the  horizon  at  different  hours  of  the 
same  days  of  her  iige.    Sometimes  she  stands,  as  it 
were,  upright  on  her  lower  horn,  and  then  such  a 
line  is  perpendicular  to  the  horizon ;  when  this  hap- 
pens, she  is  in  ^vhat  the  astronomers  call  the  nomm  ~ 
simal  degree:  which  is  the  highest  point  of  the  ecli] 
tic  above  the  horizon  at  that  time,  and  is  90dei 
from  both  sides  of  the  horizon,  where  it  is  thenci 
by  the  ecliptic.     But  this  never  happens  when  the 
Moon  is  Oil  the  meridian,  exrcpt  when  she  is  at  the 
very  beginning  of  Cancer  or  Capricorn. 
How  ihe       260.  The  inclination  of  that  part  of  the  ecliptic  to 
iTKiinaiion  the  horizon  in  which  the  Moon  is  at  anj'  time  when 
eciipijc     horned,  may  be  known  by  the  position  of  her  horns; 
mxf  be     for  a  right  line  touching  their  points  is  perpendicu- 
[^"„/.   larto  the  ecliptic.  And  as  the  angle  which  the  Moon's 
lion  of  the  orbit  makes  v.ith  the  ecliptic  can  never  raise  her 
?^*""*     above,  nor  depress  her  below  the  ecliptic,  more  than 
two  minutes  of  a  degree,  as  seen  from  the  Sun ;  it 
can  have  no  sensible  effect  upon  the  position  of  her 
horns.  Therefore,  if  a  quadrant  beheld  up,soasthat 
one  of  its  edges  may  seem  to  touch  the  M<x)n's  horns, 
the  graduated  side  baring  kept  tov\ard  the  eye, 
as  far  from  the  eye  as  it  can  be  conveniently  held, 
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arc  betH-een  die  plumb-line  and  tliat  edge  of  the  '»-*ti 
quadrant  wliich  seems  to  touch  tlie  Moon's  honis,  *"'*' 
will  shew  the  inclination  of  thai  iwrt  of  tlic  ecliptic 
to  the  horizon.  And  the  arc  between  the  other 
edge  of  the  quadrant  and  plumb-line,  will  shew  the 
inclination  ol*  a  line,  touching  the  Moon's  liorns,  to 
the  horizon. 

261.  The  Moon  generally  appears  as  brgc  as  tlic  Fig.  j 
Sun  i  for  the  angle  v  (c  .4,  under  ^vhich  the  Moon  is  wiij  tiie 
seen  from  the  Earth,  is  nearly  Uie &ame  uith  the  an-     "°'^ ^ 

§le  UcM,  under  which  the  Sun  is  seen  from  it.  And  eig  it  (he 
lerefore  the  Moon  may  hide  the  Sun's  whole  disc  ^""' 
from  U5,  as  slie  sometimes  does  in  solar  eclipses. 
The  reason  why  slie  does  not  eclipse  the  Sun  at  eve- 
ry change,  shall  be  explauied  hereafter,  if  the  Moon 
were  farther  from  the  Earth,  as  at  a,  sha  would  ne- 
ver liide  die  nhole  of  the  Sun  from  us ;  for  then  she 
would  appear  under  the  angle  A'^  O,  eclipsing  only 
that  part  of  the  Sun  which  lies  between  A" and  O; 
were  she  still  fardier  from  the  Earth,  as  at  JT,  she 
would  appear  under  the  small  angle  T  k  JV,  like  a 
spot  on  tlie  Sun.hidingonly  tlic  part  /"^Tromour 
sight. 

2G2.  Tliat  the  Moon  turns  roimd  her  axis  in  the  a  proof 
lime  that  she  goes  round  her  orbit,  is  quite  demon-  ^J"*", 
strable;  for  a  sixclator  at  rest,  without  the  peripher)- Jy^i^* 
of  the  Moon's  orbit,  would  see  ail  licr  sides  turned  "■"'.'"d  i>er 
regulaily  toward  him  in  that  time.  She  turns  round  **'*" 
her  axis  from  any  star  to  the  same  star  agiiin  in  27 
days  8  hours ;  from  the  Sun  to  the  Sun  again,  in  29i 
days  :  the  former  is  the  length  of  her  sidereal  da)', 
and  the  latter  the  length  of  her  solar  day.     A  body 
moving  round  the  Sun  would  liavc  a  solar  day  incvc- 
i^'  revolution,  widioui  turning  on  its  axis;  the  same 
as  if  it  had  kept  all  ttie  while  at  rest,  and  the  Sim 
moved  round  it :  but  widiout  turning  round  iuaxis 
it  could  never  have  one  sidereal  day,  because  it  would 
aln'^'s  keep  the  same  stdc  toward  any  given  star. 
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Metpcrio.     263.  Ifthe  Earth  had  iioannual  motion,  tlieMo 
synoiitcal  would  go  rourici  it  SO  as  to  complctc  a  lunatioH,  a 
rcvoiu-     dereal,  and  a  solar  day,  all  in  the  sami'  time.    Biri 
'^'"''         because  the  Earth  yoes  forward  in  its  orbit  while  tb| 
Moon  goes  round  the  Earth  in  Iter  orbit,  the  MoQi 
must  go  as  much  more  than  round  her  orbit  ti-oM 
change  to  change  in  completing  a  solar  day,  as  ili? 
Earth  has  gone  forward  in  its  orbitduring  thai  titnd 
i.  e.  almost  a  t\\(.lfih  part  of  a  circle. 
Fftnuilarl)'     264.  The  Moon's  periodical  and  synodical  revu- 
rcprc sent-  lutjon  may  be  familiarly  represented  by  the  moliom 
of  die  hour  :ind  minute-hands  of  a  uatch  round  ir 
dial-plate,  uhich  is  divided  into  12  equal  jrarts  i 
hours,  as  the  tcliiitic  is  divided  into  12  signs,  ar 
the  year  into  12  months.    Let  us  suppose  these  la 
hours  to  be  12  signs,  the  hour-hand,  the  Sun,  an 
the  minute-hand,  the  Moon;  then  the  formerwillg 
round  once  in  a  year,  and  the  latter  once  in  a  moDU 
but  the  Moon,  or  minute-hand,  must  go  more  t] 
round  from  any  point  of  the  circle  whore  it  was  hi 
conjoined  with  the  Sun,  or  hour-hand,  to  overtakei 
again :  for  die  hour-hand,  being  in  motion^  can  n 
ver  be  overtaken  by  the  minutc-haudat  that  point  fii 
which  ihey  started  at  their  Uist  conjunction.  The  fi 
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column  of  the  preceding  table  shews  the  number  of '^^"^^ 
conjunctions  which  the  houi:  and  minute-hand  make 
while  the  hour-hand  goes  once  round  the  dial- plate ; 
and  the  other  columns  shew  the  times  when  the  two 
hands  meet,  at  each  conjunction.  Thus,  suppose 
the  two  hands  to  be  in  conjunction  at  XII.  as  they 
always  are;  then  at  the  first  following  conjunction 
it  is  5  minutes  27  seconds  16  thirds  21  fourths,  49— 
fifths  past  I,  where  they  meet :  at  the  second  con- 
junction it  is  10  minutes  54  seconds  32  thirds  43 
fourths  38^  fifths  past  II ;  and  so  on.  This,  though 
an  easy  illustration  of  the  ihotions  of  the  Sun  and 
Moon,  is  not  precise  as  to  the  times  of  their  con- 
junctions;  because,  while  the  Sun  goes  round  the  ^ 

ecliptic,  the  Moon  makes  12-|  conjunctions  with 
him;  but  the  minute-hand  of  a  watch  or  clock  makes 
only  11  conjunctions  with  the  hour-hand  in  one  pe- 
riod round  the  dial- plate.  But  if,  instead  of  the 
common  wheel-work  at  the  back  of  the  dial-plate, 
the  axis  of  the  minute-hand  had  a  pinion  of  6  leaves 
turning  a  wheel  of  74,  and  this  last  turning  the  hour- 
hand,  in  every  revolution  it  makes  round  the  dial- 
plate,  the  minute-hand  would  make  12-J  conjunc- 
tions with  it ;  and  so  would  be  a  pretty  device  for 
shewing  the  motions  of  the  Sun  and  Moon;  espe- 
cially,  as  the  slowest  moving  hand  might  have  a  little 
sun  fixed  on  its  point,  and  the  quickest,  a  little 
moon. 

265.  If  the  Earth  had  no  annual  motion,  the  The 
Moon's  motion,  round  the  Earth,  and  her  track  in  ^^'^ 
open  space,  would  be  always  the  same.*     But  as  through 
the   Earth   and  Moon  move  round  the  Sun,  the  op«n  »?•«•* 
Moon's  real  path  in  the  heavens  is  very  different  ^d!*^"  " 
from  her  vbible  path  round  the  Earth :  the  latter  be- 

*  In  dus  place,  we  may  consider  the  orbits  of  all  the  satellites  at 
circular,  with  respect  to  their  primary  planets ;  because  the  eccen* 
tricitiesof  their  oitits  are  too  small  to  afibct  the  phenomena  here 
described 
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PLATE     ing  in  a  progressive  circle,  and  the  former  in  a  curve 
^  "*       of  diiFerent  degrees  of  concavity,  which  would  al- 
ways be  the  same  in  the  same  parts  of  the  heavens, 
if  the  Moon  performed  a  complete  number  of  luna- 
tions in  a  year,  without  any  fraction. 
An  idea        266.  Let  a  nail  in  the  end  of  the  axle  of  a  cha- 
Earth's     riot- wheel  represent  the  Earth,  and  a  pin  in  the  nave 
path,  and  the  Moon ;  if  the  body  of  the  chariot  be  propped  up 
^    ,      so  as  to  keep  that  wheel  from  touching  the  ground, 
and  the  wheel  be  then  turned  round  by  hand,  the  pin 
will  describe  a  circle  both  round  the  nail  and  in  the 
space  it  moves  through.    But  if  the  props  be  taken 
away,  the  horses  put  to,  and  the  chariot  driven  over 
a  piece  of  ground  which  is  circularly  convex ;   the 
nail  in  the  axle  will  describe  a  circular  curve,  and 
the  pin  in  the  nave  will  still  describe  a  circle  round 
the  progressive  nail  in  the  axle,  but  not  in  the  space 
through  which  it  moves.     In  this  case  the  curve  de- 
scribed by  the  nail,  will  resemble,  in  miniature,  as 
much  of  the  Earth's  annual  path  round  the  Sun,  as 
it  describes  while  the  Moon  goes  as  often  round  the 
Earth  as  the  pin  does  round  the  nail :  and  the  curve 
described  by  the  nail  will  have  some  resemblance 
to  the  Moon's  path  during  so  many  lunations. 

Let  us  now  suppose  that  the  radius  of  the  circular 
ctirve  described  by  the  nail  in  the  axle  is  to  the  radi- 
us of  the  circle  which  the  pin  in  the  nave  describe 
|i/  J  't  round  the  axle  as  SS/j  to  1 ;  which  is  the  propor- 
.» •:  (i  £  *^  tion  of  the  radius  or  semi-diameter  of  the  Earth's 
orbit  to  that  of  the  Moon's ;  or  of  the  circular  curve 
.^  1  2  3  4  5  6  7  Z?,  &c.  to  the  little  circle  a ;  and 
then  while  the  progressive  nail  describes  the  said 
curve  from  A  to  jE,  the  pin  will  go  once  round  the 
nail  with  regard  to  the  centre  of  its  path,  and  in  so 
doing,  will  describe  the  curve  a  b  c  d  c.  The  for- 
mer will  be  a  true  representation  of  the  Earth's 
path  for  one  lunation,  and  the  latter  of  the  Moon's 
for  that  time.  Here  we  may  set  aside  the  inequali- 
ties  of  the  Moon's  motion,  and  also  those  of  the 
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Earth's  moving  round  their  common  centre  of  gra-  pi-ATt 
vity :  all  which,  if  they  were  truly  cq)ied  in  this  ^" 
experiment,  would  not  sensibly  alter  the  figure  of 
the  paths  described  by  the  nml  and  pin,  even  though 
they  should  rub  against  a  plane  upright  surface  all 
tlie  way,  and  leave  their  tracks  visibly  upon  it.  And 
if  the  chariot  were  driven  forward  on  such  a  convex 
piece  of  ground,  so  as  to  turn  the  wheel  several 
times  round,  the  track  of  the  pin  in  the  nave  would 
still  be  concave  toward  the  centre  of  the  circular 
curve  described  by  the  pin  in  the  axle :  as  the  Moon's 
path  is  always  concave  to  the  Sun  in  the  centre  of 
tlie  Earth's  annual  orbit. 

In  this  diagram,  the  thickpst  curve-line  ./^J9CZ)ii\ 
with  the  numeral  figures  set  to  it,    represents  as 
much  of  the  Earth's  annual  orbit  as  it  describes  in 
32  days  from  west  to  east ;  the  little  circles  at  «,  b, 
Cy  dj  e,  shew  the  Moon's  orbit  in  due  proportion  to 
the  Earth's ;  and  the  smallest  curve  abed  ef  re- 
presents the  line  of  the  Moon's  path  in  the  heavens 
lor  32  days,   accounted  from  any  particular  new 
Moon  at  a.     The  machine  Fig.  5th,  is  for  deline- 
ating  the  Moon's  path,  and  shall  be  described,  with 
the  rest  of  my  astronomical  machinery  in  the  last 
cliapter.     The  Sun  is  supposed  to  be  in  the  centre 
of  the  curve  .^1234567  B,  &c.  and  the  small 
dotted  circles  upon  it,  represent  the  Moon's  orbit, 
•^f  which  the  radius  is  in  the  same  proportion  to  the^^^i^'j^^ 
Earth's  path  in  this  scheme,  that  the  radius  of  the  Moon'g 
Moon's  orbit  in  the  heavens  bears  to  the  radius  ofj?***'^^ 
the  Earth's  annual  path  round  the  Sun :   that  is,  asEarth'c* 
240,000,  to  81,000,000*,  or  as  1  to  337^. 

When  the  Earth  is  at  A^  the  new  Moon  is  at  a  ; 
and  in  the  seven  days  that  the  Earth  describes  the 
curve  123  4  5  6  7,  the  Moon  in  accompanying  the  ^^'  "', 
Earth  describes  the  curve  ab;  and  is  in  her  first 
quarter  at  b  when  the  Eartli  is  at  B.     As  the  Earth 

*  For  the  true  dittances,  see  p.  138* 
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J"-*ia     describes  the  curve  5  8  9  10  11  12  13    14, 

*"'      Moon  describes  the  curve  i  c;  and  is  at  c,  opposil 

to  the  Sun,  when  the  Earth  is  at  C     While  if 

Earth  describes  the  curve  C  15  16  17  18  19  20 

22,  tlie  Moon  describes  the  curve  c  d;  and  is  in  I 

thii-d  quarter  at  d  when  the  I',arth  is  at  D.  And  lai 

\y,  while  the  Eartli  describes  the  curve  /)  23  24 

26  27  28  29,  the  Moon  describes  the  curve  d 

and  is  again  in  conjunction  at  e  with  the  Sun  wh 

the  Earth  is  at  £,  between  the  29th  and  30th  day 

the  Moon's  age,  accounted  by  the  numeral  Ji|^ 

from  the  new  Moon  at  J.     In  describing  the  cui 

a  be  de,  the  Moon  goes  round  the  progressive  Eai 

as  really  as  if  she  had  kept  in  the  dotted  circle 

and  the  Earth  continued  immoveable  in  the  ceni 

of  that  circle. 

The  ^  And  thus  we  see  that,  dthough  tlic  Moon 

JJ^"!,*^.  round  the  Eartli  in  a  circle,  with  respect  to 

w»ys  con- Earth's  centre,  her  real  path  in  the  heavens  is 

wu  Vth    ^^""y  difli^rcnt  hi  appearance  i'rom  the  Earth's  p 

Sun.         To  sliew  that  the  Moon's  path  is  concave  to  tl 

Sun,  even  at  the  time  of  change,  it  is  carried 

little  farther  into  a  second  lunation,  as  toy; 

267.  The  Moon's  absolute  motion  from  her  ch 
to  her  first  quarter,  or  from  a  to  6,  is  so  mi 
slower  than  the  Earth's,  that  she  falls  240  thousani 
miles  (equal  to  the  semi-diameler  of  her  orI>it) 
hind  the  Earth  at  her  first  quarter  in  A,  when 
Earth  is  at  B;  that  is,  she  falls  back  a  space  e< 
How  her  to  her  distance  from  the  Earth.    From  that  time  ner 
P^''°"      motion  is  gradually  accelerated  to  her  opposition  or 
nnieiy  re-  full  at  c,  and  then  she  is  come  up  as  for  as  the  Eanh, 
urdedind  having  regained  what  she  lost  in  her  first  quarter, 
acce  er«-  j.^^^  ^  ^^  ^^     From  the  full  to  the  last  quarter  at  d,- 
her  motion  continues  accelerated,  so  as  to  be  just 
far  before  die  I")arth  at  d,  as  she  was  behind  it  at  her 
first  quarter  in  6.     But  from  dto  c  her  motion  is  re- 
tarded, so  that  she  loses  as  much  with  respect  lo 
the  Earth  as  is  equal  to  her  distance  from  it,  or  to 
the  semi-diaraeter  of  her  orbit ;  and  by  that  meaos 
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she  comes  to  ^,  and  is  then  in  conjunction  with  the 
Sun  as  seen  from  the  Earth  at  E.  Hence  we  find, 
that  the  Moon's  absolute  motion  is  slower  tlian  the 
Earth's  from  her  third  quarter  to  her  first ;  and  swift-  ■ 
er  than  the  Earth's  from  her  first  quarter  to  her 
third ;  her  path  being  less  curved  than  the  Earth's 
in  the  former  case,  and  more  in  the  latter.  Yet  it  is 
still  bent  the  same  way  toward  the  Sun ;  for  if  we 
imagine  the  concavity  of  the  Earth's  orbit  to  be 
measured  by  the  lengdi  of  a  perpendicular  line  Cg^ 
let  down  from  the  Earth's  place  upon  the  straight 
line  bgd  at  the  full  of  the  Moon,  and  connecting 
the  places  of  the  Earth  at  the  end  of  the  Moon's 
first  and  third  quarters,  that  length  will  be  about  640 
thousand  miles ;  and  the  Moon  when  new  only  ap- 
proaching nearer  to  the  Sun  by  240  thousand  miles 
than  the  Earth,  is  the  length  of  the  perpendicular 
let  down  from  her  place  at  that  time  upon  the  same 
straight  line,  all  which  shews  that  the  concavity  of 
that  part  of  her  path,  will  be  about  400  thousand 
miles. 

268.  The  Moon's  path  being  concave  to  the  Sun  a  difficui. 
throughout,  demonstrates  that  her  gravity  toward 'y"™^^' 
the  Sun  at  her  conjunction,  exceeds  her  gravity  to- 
ward  the  Earth.  And  if  we  consider  that  the  quan- 
tity  of  matter  in  the  Sun  is  almost  230  thousand 
times  as  great  as  the  quantity  of  matter  in  the  Eflrth, 
and  that  the  attraction  of  each  body  diminishes  as 
the  square  of  the  distance  from  it  increases,  we  shall 
soon  find,  that  the  point  of  equal  attraction  between 
the  Earth  and  the  Sun,  is  about  70  thousand  miles 
nearer  the  Earth  than  the  Moon  is  at  her  change. 
It  may  then  appear  surprising  that  the  Moon  does 
not  ab€indon  the  Earth,  when  she  is  between  it  and 
the  bun,  because  she  is  considerably  more  attract- 
ed by  the  Sun  than  by  the  Earth  at  that  time. 
But  this  difficulty  vanishes  when  we  consider,  that 
a  common  impulse  on  any  system  of  bodies  affects 
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not  their  relative  motions;  but  that  they  will  conti- 
nue  to  attract,  impel,  or  circulate  round  one  another, 
in  the  same  manner  as  if  there  were  no  such  impulse. 
7"he  Moon  is  so  near  the  Earth,  and  both  of  them 
so  far  from  th^un,  that  the  attractive  power  of  the 
Sun  may  be  considered  as  equal  on  both :  and  there- 
fore the  Moon  will  continue  to  circulate  round  the 
Earth  nearly  in  the  same  manner  as  if  the  Sun  did 
not  atti'act  them  at  all.  For  bodies  in  the  cabin  of  a 
ship,  may  move  round,  or  impel  one  another  in  the 
same  manner  when  the  ship  is  under  sail,  as  \d)eD 
It  is  at  rest ;  because  they  are  all  equally  affected  by 
the  common  motion  of  the  ship.     If  by  any  other 
cause,  such  as  the  near  approach  of  a  comet,   the 
Moon's  distance  from  the  Earth  should  happen  to 
be  so  much  increiised,  tliat  the  difference  of  their 
gravitating  forces  toward  the  Sun  should  exceed 
that  of  the  Moon  toward  the  Earth ;   in  that  case 
the  Moon  when  in  conjunction,  would  abandon  the 
Earth,  and  be  either  drawn  into  the  Sun  or  comet, 
or  circulate  round  about  it. 
Fig.  III.       269.  The  curves  which  Jupiter's  satellites  de-  * 
scribe,  are  all  of  different  sorts  from  the  path  describ- 
ed by  our  Moon,  although  these  satellites  go  round 
Jupiter  as  the  Moon  goes  round  the  Earth.     Let 
ABCDEy  &c.  be  as  much  of  Jupiter's  orbit  as  he 
describes  in  1 8  days  from  A  to  T;  and  the  curves 
<z,  by  c,  J,  will  be  the  paths  of  his  four  moons  going 
round  him  in  his  progressive  motion. 
The  abso-     Now  let  US  supposc  all  thcsc  moons  to  set  out 
of  Jupiter  from  a  conjunction  with  the  Sun,  as  seen  from  Jupi- 
and  his     tcr  at  A  ;  then  his  first  or  nearest  moon  will  be  at  a, 
deuilJlt-   ^^^  second  at  ^,  his  third  at  c,  and  his  fourth  at  d. 
ed.  At  the  end  of  24  terrestrial  hours  after  this  conjunc- 

tion, Jupiter  has  moved  to  jff,  his  first  moon  or  sa- 
tellite has  described  the  curve  a  1,  his  second  the 
curve  b  1,  his  third  c  1,  and  his  fourth  d  1.  The 
next  day,  when  Jupiter  is  at  C,  his  first  satellitQ  has 
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described  the  curve  c  2,  from  its  conjunction,  his'^^^^* 
^:econd  the  curve  b  2,  his  third  the  curve  c  2,  and 
his  fourth  the  curve  d  2,  and  so  on.     The  numeral 
figures  under  the  capital  letters  shew  Jupiter's  place 
in  his  oath  every  day  for  18  days,  accounted  from 
A  to  T;  and  the  like  figures  set  to  the  paths  of  his 
satellites,   shew  where  they  are  at  the  like  times. 
The  first  satellite,  almost  under  C,  is  stationary  at 
+,  as  seen  from  the  Sun;  and  retrograde  from  + 
to  2:  at  2  it  appears  stationary  again,  and  thence  it 
moves  forward  until  it  has  passed  3,  and  is  twice 
stationary  and  once  retrogiade  between  3  and  4. — 
The  path  of  this  satellite  intersects  itself  every  42^ 
hours,  making  such  loops  as  in  the  diagram  at  2.  3. 
5.  7.  9.   10.  12.   14.   16.   18,  a  little  after  every 
conjunction.     The  second  satellite  5,  moving  slow- 
er, barely  crosses  its  path  every  3  days  13  hours; 
as  at  4.  7.  11.  14.  18.  making  only  5  loops  and  as 
many  conjunctions  in  the  time  that  the  first  makes 
ten.     The  third  satellite  c,  moving  still  slower,  and 
having  described  the  curve  c  1.  2.  3.  4.  5.  6.  7, 
comes  to  an  angle  at  7,  in  conjunction  with  the  Sun, 
at  the  end  of  7  days  4  hours ;  and  so  goes  on  to 
describe  such  another  curve  7.  8.  9.  10.  11.  12. 
13.    14,   and  is  at   14   in   its   next   conjunction. 
The  fourth  satellite  d  is  always  progressive,  mak- 
ing  neither    loops  nor  angles    in    the    heavens; 
but  comes  to  its  next  conjunction  at   e  between  '^'  ^ 
the  numeral  figures   16  and  17,  or  in  16  days  18 
hours.  In  order  to  have  a  tolerable  good  figure  of  the 
paths  of  these  satellites,  I  took  the  following  method. 
Having  drawn  their  orbits  on  a  card,  in  propor- 
tion to  their  relative  distances  fi-om  Jupiter,  I  mea-  Fi^.  ir. 
sured  the  radius  of  the  orbit  of  the  fourth  satellite, 
which  was  an  inch  and  If-^  parts  of  an  inch  ;    then 
multiplied  this  by  424  for  the  radius  of  Jupiter's 
orbit,  because  Jupiter  is  424  times  as  far  from  the 
Sun's  centre  as  his  fourth  satellite  is  from  his  cen- 
tre,    and  the  product  thence  arising  was  483-^ 
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PLATE     inches.     Then  taking  a  small  cord  of  ihis  Icng 

and  fixing  one  end  of  it  to  the  floor  of  a  long  r 
How  w     by  a  nail,  wiili  a  black-lead  pencil  at  the  other  enj 
iiciineate  I  drew  the  curvc  AJiCD,  &c.  and  set  oft"  a  degrfl 
oMupU*  3nd  a  lialf  thereon,  from  A  to  1' ;  because  JupitG 
tcr'9        moves  onl)-  so  nmch,  while  his  outermost  ^atellilB 
Moons,    goes  once  round  him,  and  somewhat  more :  so  th 
this  small  portion  of  so  large  a  circle  differs  but  v 
T\-  little  from  a  straight  line.     This  done  1  divid< 
the  space  A  7"  into  18  cqud  parts,  as  A  li,  B  i 
&c.  for  the  daily  progress  of  Jupiter;    and  < 
part  into  24  ibr  his  hourly  progress.     The  orbit  of 
each  satellite  was  also  divided  into  as  many  equal 
parts  as  the  satellite  is  hours  in  fini-ihing  its  syno^ 
cal  period  round  Jupiter.     Then  drawing  a  righl 
line  through  the  centre  of  the  ciird,  asadiamete 
to  all  the  four  orbits  upon  it,  I  put  the  card  upQ 
the  line  of  Jupiter's  motion,  and  IransierrcdittOC^ 
cry  iKjrary  division    thereon,  keeping  al^'ays  IM 
samediameter-liiie  on  the  line  of  Jupiter's  path;  ai 
running  a  pin  through  eiich  horary  division  in't 
orbit  of  each  satellite  as  the  card  w  as  gradually  tra 
ferred  along  tlie  line  ABCI),  i^c.  of  Jupiter's  n 
tion,  I  marked  points  for  every  hour  through  t 
card  for  the  curves  described  by  the  satellites,  i 
the  primary  planet  in  the  centre  of  the  card  wasca 
ried  forward  on  the  line;  and  so  finished  the  figuiJ 
bydrawing  the  lines  of  each  salellitc's  motion  throufl 
those  (almost  innumerable)  points :  by  which  met 
.  this  is,  perhaps,  as  true  a  figure  of  the  paths  oftf 

turn's,      satellites  as  can  bedesired.     And  in  the  same  ir 

ner  might  those  of  Saturn's  satellites  be  detincata 

Tiicgnuid     270.  It  appears  by  theschemc,  that  tJie  three  fir 

penodfl  ofgatelhtes  come  almost  into  the  same  line  of  positia 

mwln"*  every  sevcnthday;  the  first  being  only  a  little  behinj 

with  the  second,  and  the  second  behind   with  T 

od.  But  the  periodof  the  4lh  satellite  is  so  incomma 

surate  to  the  periods  of  the  other  three,  lliat  it  c< 
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^^B^)^^^''^  3t  by  the  diagram  when  it  would  fall  '"ts 
I  n^n  itilo  a  line  of  conjunction  with  them  between 
lupitcrand  the  Sun.  And  no  wonder;  for  suppos- 
ing them  ill!  to  have  been  onte  in  conjunction,  it  will 
require  3,087,043,493,260  years  to  bring  them  in 
conjunction  again.    See  V  73. 

271.  in  Fig.  4th,  we  have  the  proportions  of  the  Fig.  iv. 
orbits  of  Saturn's  five  batcUites,  and  of  Jupiter's  four,  Ti"' pi«- 

1  Mt         .         •  •  1  I        1-      portion*  01 

to  one  another,  to  our  Moon's  orbit,  and  lo  the  disc  the  orbiw 
of  the  Sun.     S'ts  the  Sun;  Mm  the  Moon's  orbit  o''»i'«P'»- 
(the  Earth  supposed  to  beat  £),-  yjupiter;   1.  2. iliJidiiJi;,, 
3.  4,  tlie  orbits  of  his  lour  moons  or  satellites ;  Sat, 
Saturn;  and  1.  2.  3.  4.  5,  the  orbits  of  his  fire 
moons.  Hence  it  appears,  that  the  Sun  would  much 
more  than  fill  the  whole  orbit  of  ihe  Moon ;  for  the 
Sun's  diameter  is  763,000  miles,  and  dte  diameter 
of  the  Moon's  orbit  only  480,000.  In  projwrtioii  to 
all  these  orbits  of  the  satellites,  the  rjdius  of  Saturn's 
annual  ortiit  would  be  SlJ  yards,  of  Jupiter's  orbit 
llj,  and  of  the  liarth's  2i,  taking  them  in  round 
numbers. 

272.  Tlie  annexed  table  shews  at  once  what  pre 
portion  the  orbits,  revolutions,  and  velocities  of  all 
the  satellites  bear  to  those  of  their  primary  planets, 
and  what  sort  of  curves  the  several  satellites  describe. 
For  those  satellites,  whose  velocities  round  their  pri- 
maries are  greater  than  the  velocities  of  their  prima- 
ries in  open  space,  make  loops  at  their  conjunctions, 
J  269;  appearing  retrograde  as  seen  from  the  Sun 
while  the)'  describe  the  inferior  parts  of  their  orbits, 
and  direct  while  they  describe  the  siipei-ior.  This  is 
the  case  witli  Jupiter's  first  and  second  satellites,  and 
with  Saturn's  first.  But  those  satellites,  whose  velo- 
citiesarc  less  than  the  velocities  of  their  primary  pla- 
nets, move  direct  in  their  whole  circumvoludons  ; 
which  b  the  case  of  the  third  and  fourth  satellites  of 

I  Jupiter,  and  of  the  second,  third,  fourth,  and  fiftli 
satellites  of  Saturn,  as  well  -as  of  our  satellite  thtr 
Moon :  hut  the  Moon  is  the  only  satellite  whos$ 
motion  is  alwavs  concave  to  the  Sun. 
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Proportion  of 
the  Radius  of  the 
thePlanet'sOr- 
bit  to  the  Ra- 
dius of  the  Or- 
bit of  each  Sa 
tellite. 


^  1  As 


As  5322  to  1 

4155         1 

2954         1 

1295         1 

432         1 


1851  to 
1165 

731 

424 


Proportion    of|Proporti< 

Time  of  the 
the  Planet's 
Revolution  to 
the  Revolution 
of  each  Satel- 
lite. 


As  337|  to  1 


As  5738  to  1 

3912  1 

2347  1 

674  1 

134  1 


As  2445  to  1 

1219  1 

604  1 

258  1 


i,w.  »on  of  S 
Velocity  of  ^ 
each  Satellite  ^ 
to  the  Velocity 
of  its  primary 
Planet. 


As  12^  to  1 


As5738to53S2 

3912  4155 

2347  2954 

674  1295 

134   433 


As  2445  to  1851 

1219   1165 

604   731 

258   424 


As  124  to  337^ 


There  is  a  table  of  this  sort  mDe  la  CaiUe^sAs^ 
tronomy,  but  it  is  very  different  from  the  above, 
which  (have  computed  from  out  English  accounts' 
of  the  periods  and  distances  of  these  planets  and ' 
satellites. 
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CHAP.  XVI. 

The  Phenomena  of  the  Harvest-Moon  explained  by 
a  common  Globe.  The  Years  in  which  the  Hoj: 
vest  Moons  are  least  and  most  beneficial J'rom  ilS\ 
to  1861.  The  long  Duration  o/Moon-light  at  the 
Poles  in  ff inter. 

2-2  TT  is  generally  believed  that  tlie  Moon  rises  No  H»r- 
'  1  about  50  minutes  later  every  day  than  on  •"»•"»«> 
the  preceding;  but  this  is  true  only  witJi  regard  tOeqiiatoc! 
places  on  the  equator.     In  places  of  considerable 
latitude  there  is  a  remarkable  diference,  especially 
in  the  harvest  time,  \vith  which  farmers  were  better 
acquainted  than   astronomers,    till  of  late;    and 
gratefully  ascribed  the  early  rising  of  the  full  inoon 
at  that  time  of  the  year  to  the  goodness  of  God,  not 
doubting  that  he  had  ordered  it  so  on  purpose  to 

ti^-e  them  an  immediate  supply  of  moon-light  after 
in-set,  for  their  greater  convenicncy  in  reaping  the 
fruits  of  the  Earth. 

In  this  instance  of  the  harvcst-moon,  as  in  many 
others  discoverable  by  astronomy,  the  \visdom  and 
beneficence  of  tlie  Deity  is  conspicuous,  who*  really 
ordered  the  course  of  the  Moon  so,  as  to  besloiv 
more  or  less  light  on  all  parts  of  the  Earth  as  their 
several  circumstances  and  seasons  render  it  more  or 
less  serviceable.  About  the  equator,  where  there  is 
no  variety  of  seasons,  and  the  weather  changes  sel- 
dom, and  at  stated  limes,  moon-light  is  not  neces- 
sary for  gathering  in  the  produce  of  the  ground  i  and 
thrre  the  Moon  rises  about  50  minutes  later  every 
day  or  night  than  on  the  former.  At  considerable 
distances  from  the  equator,  where  the  weather  and 
seasons  arc  more  uncertain,  tlic  autumnal  full  Moon 
rises  very  soon  alkr  sun-set  for  sevyrat  rvtninpH  ic 
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But  re-     gether.  At  the  polar  circles,  where  the  mild  scasoi 
miriwbic  jg  of  ygry  ^{wtx  duration,  the  autumnal  full  Moan 
to*the  dif.  rises  at  sun-set  from  the  firht  lo  the  third  quarter, 
tonces  of  And  at  thc  poles,  wlierc  the  Sim  is  for  half  a  year 
from  it.     absent,  the  winter  full  Moons  sliine  constantly  with- 
out setting  from  the  first  to  the  third  c|uarter. 
The  rea-        It  is  soon  said  that  all  these  phenomena  are  owing 
son  of  this.  jQ  jjjg  different  angles  made  by  the  horizon  and  dif- J" 
ferent  parts  of  the  Moon's  orbit ;  and  that  the  Mo( 
can  be  full  but  once  or  twice  in  a  jear  in  those  part 
of  her  orbit  which  rise  with  the  least  anglesi,     Bui 
to  explain  this  subject  intelligibly,  we  mui*!  dw 
much  longer  upon  it. 

274.  The*  plane  of  the  equinoctial  is  perpeivdi* 
cular  to  the  Eardi's  axis ;  and  therefore,  as  the  Earth 
turns  round  its  axis,  all  parts  of  the  equinoc^tnaVe 
equal  angles  with  the  horizon  both  at  rising  and  s  ' 
ting ;  so  that  equal  portions  of  it  always  rise  or  s 
in  equal  times.  Consequently,  if  the  Moon's  mo! 
tion  were  equable,  and  in  the  equinoctial,  at  the  r  " 
of  12  degrees  11  min.  from  the  Sun  every  day,  d 
it  is  in  her  orbit,  she  would  rise  and  set  5U  mmut^ 
later  ei-ery  day  than  on  the  preceding ;  for  12  deg! 
11  min.  of  the  equinoctial,  rise  or  set  in  SOminolCS 
of  time  in  all  latitudes. 

275.  But  the  Moon's  motion  is  so  nearly  in  the 
ecliptic,  that  we  may  consider  her  at  present  l 
moving  in  it.  Now  the  different  parts  of  the  ecl^ 
tic,  on  account  ol  its  obliquity  to  the  Earth's  ax3 
make  very  different  angles  with  the  horizon  as  tbtf 
rise  or  set.  Those  parts  or  signs  which  rise  wifl 
thc  smallest  angles  set  with  the  greatest,  and  ris_ 
versa.  In  equal  times,  whenever  this  angle  is  least, 
a  greater  portion  of  the  ecliptic  rises  than  when  ibc 
angle  is  laiger ;  as  may  be  seen  by  elevating  the 
pole  of  a  globe  to  any  considerable  latitude,  and  th) 

•  If  a  globe  be  cut  quite  through  upon  any  circle,  the  fl 
■urface  where  it  is  so  divided  is  the  planr  of  thut  circle. 
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turning  it  round  its  axis.     Consequently,  uhai  the    tlatk 
Moon  13  in  those  signs  which  rise  or  set  Hith  the     "' 
smallest  angles,  she  rises  or  sel!>  with  the  least  dif- 
ference of  time  i  and  with  tlic  greatest  difference  in  Fig.  iiI 
those  signs  which  rise  or  set  ^vith  the  greatest  angles. 

But,  because  alt  who  read  this  treatise  may  not 
be  provided  with  globes,  though  in  this  case  it  is  re- 
quisite to  know  how  to  use  them,  we  shall  substi. 
tute  the  tigure  of  a  globe;  in  which  FUP  is  the 
axis,  ss  TRxVifi  tropic  of  Cancer,  Lt  yj  the  tropic 
oi'  Cupricom,  25  £f/  V3  the  ecliptic  touching  both 
llie  tropics,  which  are  47  degrees  from  each  other, 
and  .-/^  the  horizon.  The  equator  being  in  the 
middle  between  the  tropica,  is  cut  by  the  echptic  in 
two  oppoMte  points,  which  are  the  beginnings  of  <i» 
Aries  and  a  Libra;  iT  is  the  hour-circle  with  its 
index,  /"the  north  pole  of  the  globe  elevated  to  a 
considerable  latitude,  suppose  40  degrees  above  the 
horizon ;  and  P  the  south  pole  depressed  as  much  Fig.  in 

"  iw  it.     Because  oi"  the  oblique  position  of  the 
this  latitude,  the  ecliptic  has  the  high  cle- 
JVzd  above  the  horizon,  making  the  angleTheJilfrr- 

25  of  731  decrees  with  it  m  lien  ^s  Cancer  is  on  «"''"?'" 

.  .  ,.     »       °    ,  .  ,      .  ...  .         .      ,     m»dc  by 

the  meridian,  at  which  time  ^  Libra  rises  in  the  Oi«  eclip- 
east.  But  let  the  globe  be  turned  half  round  its  axis,  ".*= '""""^ 
till  VS  Capricorn  comes  to  the  meridian  and  t  Aries 
rises  in  the  esist,  and  then  the  ecliptic  will  have 
die  low  elevation  jVL  above  the  horizon,  making 
only  an  angle  NU h  of  26^  degrees  with  it ;  which 
is  47  degrees  less  than  the  former  angle,  equal  to 
the  distance  between  the  tropics. 

276.    In  nordiern  latitudes,  the  smallest  angle  Le»st  an<i 
made  by  the  ecliptic  and  horizon  is  when  Aries  rises,  «'*'"«•'• 
at  which  lime  Libra  sets ;  llic  greatest  \\  hen  Libra 
rises,  at  ^vhich  time  Aries  sets.    From  the  rising  of 
Aries  to  the  rising  of  Libra  (ii  liich  is  twelve*  side- 

•  The  ecliptiC)  together  with  the  fixed  stars,  make  3661 
apparent  illumal  rcrolutiona  about  the  Earih  in  a  year  j  the 
Sun  only  36  S J.     Therefore  the  stars  gain  3  tuioutu  56  «- 
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ral  Iiours)  tlie  angle  increases ;  and  from  tlic  rising 
of"  Lil)ra  to  llie  rising  of  Aries,  it  decreases  in  ihe 
same  proiwrtion.  By  this  article  and  the  preceding' 
it  appears  that  the  ecliptic  rises  fastest  about  Aries, 
and  slowest  about  Libra. 

277.  On  the  parallel  of  London,  as  much  of  the 
ecliptic  rises  about  Pisces^.-'^'"''''-'^-'-'^'"-'^''^-^ 

■    -    ■       ■  ■  «.   1-^  M    «  i>;_-._-s^„iogC 

Diff.    5 


and  Aries  in  two  hours  as  !  ? 
the  Moon  goes  through  in  ^  s" 
six  days :    and    therefore  \ 
while  the  Moon  is  in  these  >  ~T 
signs,  she  differs  but  two  S   2 
hours  in  rising  for  six  days  s    ^ 
together;  that  is,  about  130  ^    t 
minutes  later  every  day  or  ^   g 
night  than  on  the  preced-  >    7 
ing,  at  a  mean  rate.     But  >    8 
in  fourteen  d:iys  afterward,  S    ^ 
the  Moon  comes  to  Virgo  s  ,° 
and  Libra,  which  are  thes  13 
opposite  signs  to  Pisces  ^  1 
and  ^Vriesj  and  then  shej  ' 
dificrs  almost  four  tim^es  as  >  j 
much  in  rising;  namely,?  , 
one  hour  and  about  liiteen  s  1 
minutes  later  every  day  or  s  ' 
night  than  the  former,  while  \  ^ 
she  is  in  these  signs.  The  >  ^ 
annexed  table  shews  thes^^ 
flaily  mean  difference  of?  24 
the  Moon's  rising  and  set-  ?  ' 
ting  on  the  iiaraliel  of  io«-  \ 
daii,  for  28  days;  in  which  ^ 
time  the  moon  finishes  herji 
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cfHiiis  upon  (lie  Sun  every  day;  bo  thai  a  sidi-ral  day  coo*j 
tains  only  23  hours  56  niinutea  of  mean  solar  lime  ;  U)d  m, 
uuturiJ  or  solar  day  24  hours,  HcDcc  12  sideral  hour*  an 
one  minute  JB  sctonds  slinrier  than  \Z  noliir  hours. 
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period  round  the  ecliptic,  and  gets  9  detjrees  into  ' 
the  same  sign  from  the  beginning  of  which  kIic  set 
out.  Thus  itappears  by  the  table,that  when  riieMoon 
is  in  "1  and  ^  she  rises  an  hour  and  a  quarter  later 
every  day  than  she  rose  on  the  former ;  and  differs 
only  28,  24,  20,  18  or  17  minutes  in  setting.  But, 
wi^n  slie  comes  to  X  and  V,  she  is  only  20  or  17 
minute>i  later  in  rising ;  and  an  hour  and  a  quarter 
later  in  setting. 

278.  All  these  things  will  be  made  plain  by  put- 
ting small  patches  on  the  ecliptic  of  a  globe,  as  far 
from  one  another  as  die  Moon  moves  from  any  point 
of  the  celestial  ecliptic  in  24  hours,  which  at  a  mtan 
rate  is*  13j  degrees ;  and  then,  in  turning  the  globe 
round,  observe  the  rising  and  setting  of  ihc  piitches 
in  the  horizon,  as  the  index  points  out  the  difl'erent 
times  on  the  hour-circle.  A  ie  \v  of  these  patches  are 
represented  by  dots  at  0  I  2  3,  &c.  on  the  ecliptic.  Fig.  i 
which  has  the  position  1,1// when  Aries  rises  in  the 
cast ;  and  by  the  dots  012  3,  8cc.  »vhcn  Libra  rises 
in  the  east,  at  which  time  the  ecliptic  has  the  posi- 
tjMi  Et/ys  ■■  making  an  angle  of  62  dcgn-es  with 
the  horizon  in  the  latter  case,  and  an  angle  of  no 
more  than  15  degrees  witli  it  in  the  former;  suppos- 
ing tlic  globe  rectified  to  the  latitude  of  London. 

27y.  Having  rectified  Uic  globe,  turn  it  until  tJie 

Eatch  at  0,  about  the  beginning  of  x  Pisces  in  the 
alf  Ll/I  of  the  ecliptic,  comes  to  the  eastern  side 
of  the  horizon ;  and  dicn,  keeping  the  ball  steady, 
set  the  hour-index  to  XII,  because  t/iat  hour  may 

Cips  be  more  easily  remembered  llian  any  other. 
1  turn  the  globe  round  westward,  and  in  Uiat 
time,  suppose  the  patch  0  to  have  moved  thence 


•  The  Sun  advances  almost  a  degree  in  the  ecliptic  In  5* 
hours,  the  same  way  that  the  Moon  moves ;  untl  tlicrcfore 
Uk)  Moon  by  ad\'ai}cing  I3j  di-giees  in  that  lime,  goes  lit- 
tle more  tliun  13  degrees  fanhcr  from  the  Sitn  thnn  the'wai 
uT>  the  day  before- 
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to  1, 13i  degrees,  while  the  Earth  turns  once  roi 
its  axis,  and  jou  will  see  that  1  rises  only  about 
minutes  later  lh;in  0  did  on  the  day  bcfure.  Ti 
tlie  globe  round  again,  and  in  that  time  suppose 
same  patch  to  have  moved  from  1  to  2 ;  and  it 
rise  only  20  minutes  later  by  the  hour-index  I 
it  did  at  1  on  the  day  or  turn  before.  At  the  end  t 
the  nest  turn  suppose  the  patch  to  have  gone  fr 
2  to  3  at  6'',  and  it  ivill  rise  20  minutes  later  ihan  it 
did  at  2,  and  so  on  for  six  turns,  in  which  time  there 
will  scarce  be  two  hours  difference ;  nor  would  thei 
have  been  so  much,  if  the  6  degrees  of  the  Sua' 
inotion  in  that  time  had  been  alloived  for.  Al 
first  turn  the  patch  rises  south  of  the  cast,  at 
middle  turn  due  east,  and  at  the  last  lurn  north  of  the 
east.  But  these  patches  will  be  9  hours  in  setting 
oujhe  western  side  of  the  horizon,  v\  hich  shews  thai 
the  Moon's  setting  ■will  be  so  much  retarded  in  that 
\veek  in  which  she  moves  through  these  two  signs. 
The  cause  of  this  difference  is  evident ;  for  Fisocs 
and  Aries  make  only  an  angle  of  15  degrees  mlh 
the  horizon  when  they  rise  i  but  they  make  an  ai^ 
of  62  degrees  with  it  when  they  set.  As  the  signs 
Taurus,  Gemini,  Cancer,  Leo,  ^''irgo,  and  I  " 
rise  successively,  the  angle  increases  gradually  ntl 
they  make  with  the  horizon,  and  decreases  in  I 
same  proportion  as  they  set.  And  for  that  r 
the  Moon  differs  gradually  tnore  in  the  time  ( 
rising  every  day  while  she  is  in  these  signs,  am 
in  her  setting :  after  which,  through  the  othi 
signs,  viz.  Scorpio,  Sagittarj',  Capricorn; Aquj 
Pisces,  and  Aries,  the  rising-difference  Eiec 
less  every  day,  until  it  be  at  the  least  of  all,  nan 
in  Pisces  and  Aries. 

280.  The  Moon  goes  round  the  eclipii.i  i 
days  8  hours:  but  not  from  change  lo  change  roll 
than  29  days  12  hours :  so  that  slic  is  in  Pisces  a 
Aries  at  least  once  in  every  lunation,  and  i^ 
lunations  twice. 


Of  the  HarvesUMoon.  239 

281.   If  the  Earth  had  no  annual  motion,  the  why  the 
Sun  would  never  appear  to  ^ift  his  place  in  the  ^^"  ** 
ecliptic.     And  then  ever)'  new  Moon  would  fall  infuU  in  dif^ 
the  samcsign  and  degree  of  the  ecliptic,  and  every  ^^^"^^^ 
full  Moon  in  the  opposite  :  for  the  Moon  would  go  **^* 
precisely  round  the  ecliptic  from  change  to  change; 
So  I  hat  if  the  Moon  were  once  full  in  Pisces  or  Aries, 
she  would  always  l)e  full  when  she  came  round  to 
the  same  sign  and  degree  again.     And  as  the  full 
Moon  rises  at  sun-stt  (because  when  any  point  oS 
the  ecliptic  sets,  the  opposite  point  rises)  she  would 
constantly  rise  within  two  hours  of  sun-set,  on  the 
parallel  of  London^  during  the  week  in  which  she 
was  full.     But  in  the  time  that  the  Moon  goes 
round  the  ecliptic  from  any  conjunction  or  opposi- 
tion,  the  Eartli  goes  almost  a  sign  forward :   and 
therefore  the  Sun  will  seem  to  go  as  far  forward  in 
that  time,  namely,  27|  degrees ;  so  that  the  Moon 
must  go  27^  degrees  more  than  round,  and  as 
much  farther  as  the  Sun  advances  in  that  interval, 
Avhich  is  2^1  degrees,  before  she  can  be  in  conjunc- 
tion with,  or  opposite  to  the  Sun  again.     Hence  if 
is  evident  that  tbere  can  be  but  one  conjunction  or* 
opp  «':  ion  of  the  Sun  and  Moon  in  a  year  in  any  Hepperi- 
particular  part  of  die  ecliptic.     This  may  be  femi- o«^»cai  and 
liarly  exemplified  by  the  hour  and  minute-hands  of'J^oj^^jjf,, 
a  watch,  which  are  never  in  conjunction  or  oppo-  cxcmpUfi. 
sition  in  that  part  of  the  dial-plate  where  they  were  *^' 
so  laht  before.      And  indeed  if  we  compare  the 
twelve  hours  on  the  dial-plate  to  the  twelve  signs  of 
the  ecliptic,   the  hour-hand  to  the  Sun,  and  the 
minute-hand  to  the  M(X)n,  we  shall  have  a  tolerable 
near  resemblance  in  miniature  to  the  motions  of  our 
great  celestial  luminaries.     The  only  difference  is,  ^ 

that  while  the  Sun  goes  once  round  the  ecliptic,  the 
Moon  makes  12^  conjunctions  with  him:  but,  while 
tlie  hour-hand  goes  round  the  dial-plate,  the  minute- 
hand  makes  only  1 1  conj  unctions  with  it ;  because  the 
minute-liand  moves  slower  in  respect  to  the  hour* 
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hand  than  the  Moon  does  with  regard  to  the  

Thchir-      282.  As  the  Moon  can  never  be  full  but  when  she 
iiuniCT"-!    is  opposiie  to  the  Sun,  and  the  Sun  is  never  in  Vir- 
Noon.      go  and  Libra,  but  in  our  autumnal  months,  it  b 
plain  that  the  Moon  b  never  fuJI  in  the  opposite  sigi 
Pisces  and  Aries,  but  in  these  two  months, 
thfrelbre  we  can  haw  only  two  full  Moons  in  t] 
year,  which  rise  so  near  the  time  of  sun-set  for  J 
week  together,  as  above-mentioned.     The  ibrroq 
of  these  is  called  the  Harvest  Moon,  and  the  laltc 
the  Hu>iter''s  Moon. 
■whyjbe       283-  Here  it  will  probably  be  asked,  why  wentj 
remTir  ri-  ^^  obscfve  thls  remarkable  rising  oC  the  Moon  bin 
■iiig  ■■  ne-  in  harvest,  seeing  she  is  in  Pisces  and  Aries  twelv{ 
*"^P"^,jj times  in  the  year  besides ;  and  must  then  rise  wit! 
in  h»rve8t.as  Uttle  diffeience  of  time  as  in  harvest?  The  answq 
is  plain  :  for  in  w  inter  these  signs  rise  at  noon  ;  s 
being  then  only  a  quarter  of  a  circle  distant  from 
the  Sun,  the  Moon  in  them  is  in  Iut  first  quarter* 
but  when  the  Sun  is  above  the  horizon,  the  Moon's* 
rising  is  neither  regarded  nor  perceived.    In  spring 
these  signs  rihc  with  the  Sun,  becuuse  he  is  then  in 
them  ;  and  as  the  Moon  changes  in  them  at 
time  of  the  year,  she  is  quite  invisible.      In  a 
mer  they  rise  about  midnitiht,  and  the  Sun  beioj 
then  three  signs,    or  a  quarter  of  a  circle  bcfor 
them,  the  Moon  is  in  them  about  her  third  quiirtecS 
and   when  rising  so  late,  and  giving  but  very  V 
tie  light,  her  rising  passes  unobser\ed.     And  i 
autumn  these  signs,    being  opposilc  to  the  Sui 
riv£Hl>en  he  sets,   with  the  Moon   in  oppositini 
cr  at  (he  full,  «hicli  makes  her  rising  very  contpj 
cuous. 

284.  At  tlie  equator,  the  nortli  and  south  poleslj 
in  *hc  horizon  ,  uiid  :li(.rel'ure  the  ecliptic  niakcsil 
same  at-gle  southM  ^rd  m  iUi  the  horizon,  wlitn  A^iSj 
rises,  asit  does norii^Wiiril  when  Librarises.  Coi 
qiif-nilj  as 'he  Moon  at  ;iliihelore.nientionci'I  paid 
ijses  and  stls  nearly  at  i4ual  angles  wiili  tile  liorizoi 
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e  year  round,  and  about  50  minutes  later  eve- 
tyday  or  night  than  on  tlie  preceding,  llierccan  be 
no  particular  harvest-moon  at  the  equator. 

985.  The  farther  that  any  place  is  i'rom  the  equa- 
tor, ir  it  be  not  beyond  the  polar  circle,  the  angle 
gradually  diminishes  which  the  ecliptic  and  horizon 
make  \vhen  Pisces  and  Aries  rise  :  and  theretbre 
when  the  Moon  is  in  these  signs  slie  rises  with  a 
nearly  proportionable  difference  later  every  d;iy  than 
on  tlur  former ;  and  is  for  thai  reason  the  more  remark . 
able  about  the  full,  until  we  come  to  the  polar  cir- 
cles, or  66  degrees  from  the  equator ;  in  which 
latitude  the  ecliptic  and  horizon  become  coincident 
every  day  for  a  moment,  at  the  same  sidereal  hour 
{or  3  minutes  56  seconds  sooner  every  day  than  the 
former),  and  the  very  next  moment  one  half  of  the 
ecliptic,  containing  Capricorn,  Aquarius,  Pisces, 
Aries,  Taurus,  and  Gemini,  rises,  and  the  oppo- 
site  half  sets.  Therefore,  while  the  iVIoon  is  going 
from  the  beginning  of  Capricorn  lo  the  beginning 
of  Cancer,  which  is  almost  14  days,  she  rises  at 
the  same  sidereal  hour;  and  in  aurumn  just  at  sun-set, 
because  all  the  half  of  tlie  ecliptic,  in  which  the 
Sun  is  at  that  time,  sets  at  the  same  sidereal  hour, 
and  the  opposite  lialf  rises;  that  is,  3  miniitts  56 
seconds  of  mean  solar  time,  sooner  every  day  than 
on  the  day  before.  So  while  the  Moon  is  going 
from  Capricorn  to  Cancer,  she  rises  earlier  every 
day  than  on  the  preceding ;  contrary  to  «'Iial  she 
docs  at  all  places  between  the  polar  circles.  But 
during  the  above  fourteen  days,  the  Moon  is  24 si- 
dereal hours  later  in  setting  ;  for  the  six  signs  which 
rise  all  at  once  on  the  eastern  side  of  ihc  horizon  are 
24  hours  in  setting  on  tlie  western  side  of  it ;  iis 
any  one  may  sec  by  making  clialk-in:u-ks  at  the  be- 
ginning of  Caiwicom  and  of  Cancer,  and  tlien. 
having  elevated  the  pole  66 »  degrees,  tuni  the  globe 
'  -'dowly  round  its  axis,  and  observe  the  rising  and 
^^^  ^  of  ihc  ecliptic.    As  tht*  beginnii^  of  Ax'v^ 
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is  equally  diblant  from  tlic  beji;iiiiiiiig  of  Cancer  and  0{ 

Capricurn,  it  is  in  the  nikklle  of  that  hall  ol  the 

eclipuc  \vhich  rises  all  at  once.     And  when  die  Siui 

is  at  the  beginning  of  Libra,  lie  is  in  the  middle  oiF 

the  otiier  half.     Therefore,  when  ihe  Sun  is  in  lA- 

bra,  and  the  Moon  in  Capricorn,  the  Moon  is  a 

quarter  of  a  circle  bufore  the  Sun ;  opposite  to  hiro, 

and  consequently  full  in  Aries,  nnd  a  quarter  of  Z 

circle  hehind  him,  when  in  Cancer.    BuluUeiiLi' 

bra  rises,  Aries  sets,  and  all  diat  half  of  the  eclip* 

lie  of  which  Arifs  is  the  middle,  and  therefore,  at 

that  lime  of  the  jear,  the    Moon  rises  at  sun'Sec, 

from  her  first  to  her  third  quarter. 

Tliebsr.        286.     In  northern  latitudes,   the  autumnal  full 

m'onj  re-  MoQiis  are  ill  Pisces  and  Aries  ;  and  the  vcnuil  full 

giii»ron    Moons  in  Virgo  and  Libra:  in  sputhenj  latitudes, 

pfVi'ie'^'jiist  the  reverse,   because  the  seasons  iire  conirm', 

cqnatw.    But  Virgo  and  Libra  rise  at  as  smallangles  with  lh( 

lioirzon  in  southern  latitudes,  as  Pisces  and  Arie: 

do  in  thenorthcrn;  and  therefore  the  harvest-; 

are  just  as  regular  on  one  side  oi  the  equator 

on  ihe  other. 

287.  As  these  signs,  which  rise  with  the  leash 
angles,  set  \uih  the  greatest,  the  vernal  full  Moons 
differ  as  mucli  in  thtrir  times  of  rising  evci-y  niglH^. 
as  the  autumnal  full  Moons  difler  in  their  times  ot 
setting  i  and  set  \\i\h  as  little  difference  as  the  au-^ 
lumnal  full  Moons  rise  :  the  one  being  in  all  eakesk 
the  reverse  of  the  othe i'.  1 

288.  Hitherto,  for  the  sake  of  pbinness,  we 
have  suppii&cd  the  Moon  to  move  in  the  ecliptic, 
from  \\hieh  the  Sun  itever  deviates.  But  the  orbit< 
in  which  the  Moon  really  moves  is  different  from 
the  ecUptic:  one  half  being  elevated  5^  degrees 
above  it,  and  the  other  iialf  as  much  depressed  be- 
low it.  The  Moon's  orbit  ihereibre  intersects  (Ik 
cclipticin  two  points  diametrically  opposite  to  each 
other;  and  these  intersections  are' called  ilic  Moon's 
nodes.     So  the  Moon  can  nc^er  be  in  the  ecliptic 
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but  when  she  is  in  either  of  her  nodes,  which  is  at  '^^^  , 
least  twice  in  every  course  from  change  to  cliangc,  ^^^'^^  * 
and  sometimes  thrice.  For,  as  the  Moon  goes  al- 
most a  whole  sign  more  than  round  Tier  orbit 
from  change  to  change;  if  she  jxisses  by  cither 
node  about  the  time  of  change,  she  will  pass  by 
the  other  in  about  fourteen  days  after,  and  come 
round  to  the  former  node  two  days  again  before  the 
next  change.  That  node  from  which  the  Moon  be- 
gins to  ascend  north\*ard,  or  above  the  ecliptic,  in 
northern  latitudes,  is  called  the  ascemlhg  twde; 
and  the  other  the  descending  node;  because  the 
Moon,  when  she  passes  by  it,  descends  below  the 
ecliptic  southward, 

289.  The  Moon's  oblique  motion  with  regard 
to  the  ecliptic  causes  some  difference  in  the  times 
of  her  rising  and  setting  from  what  is  already  men- 
tioned. For  when  she  is  northward  of  the  eclip- 
tic, she  rises  sooner  and  sets  later  than  if  she  mov- 
ed in  the  ecliptic ;  and  when  she  is  southward  of 
the  ecliptic,  she  rises  later  and  sets  sooner.  This 
difference  is  variable  even  in  the  sqme  signs,  be- 
cause the  nodes  sliift  backward  about  1 9^  degrees 
in  the  ecliptic  every  year ;  and  so  go  round  it  con- 
trary to  the  order  of  signs  in  18  years  225  days. 

290.  When  the  ascending  node  is  in  Aries,  the 
southern  half  of  the  Moon's  orbit  makes  an  angle 
of  5\  degrees  less  with  the  horizon  than  the  eclip- 
tic does,  when  Aries  rises  in  northern  latitudes:  for 
which  reason  the  Moon  rises  with  less  difference  of 
time  while  she  is  in  Pisces  and  Aries,  than  she 
would  do  if  she  kept  in  the  ecliptic.  But  in  9 
years  and  112  days  afterward,  the  descending  ncxlc 
comes  to  Aries ;  and  then  the  Moon's  orbit  makes 
an  angle  Sj-  degrees  greater  with  tlie  horizon  when 
Aries  rises,  than  the  ecliptic  does  at  that  time; 
which  causes  the  Moon  to  rise  with  greater  difler- 
cnce  of  time  in  Pisces  and  Aries  than  if  she  mov- 
ed in  the  cclipti'?. 
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ii91.  To  Ijc  a  little  more  iKirticular,  when  thi 
ascending  node  is  in  Aries,  ihe  angle  is  only  9*  d 
grecs  on  the  parallel  of  Lonilon  when  Aries  rist 
But  when  the  descending  nodo  cx)nies  to  Aries,  (14. 
angle  is  20^  degrees;  this  occasions  as  great  a  di^ 
i'erence  of  the  Moon's  rising  in  the  same  signs  cvcv 
ry  nine  years,  as  there  would  be  on  tHo  paraJJcb 
lOf  degrees  from  one  another,  if  the  Moon's  course^ 
Were  in  the  ecliptic.  The  following  table  shew* 
how  much  Uieobli(]iiity  of  the  Moon's  orbit  aBccia 
her  rising  and  setting  on  the  parallel  of  J^ondon^ 
from  the  12th  to  the  18th  day  of  her  ;ige;  suppoSt 
ing  her  to  be  full  at  the  autumnal  equinox :  and' 
then,  cither  in  the  ascending  node,  higltcst  pan  <rf 
licr  orbit,  descending  node,  or  lowest  part  of  IicT 
orbit,  ^/signifies  morning,  A  afternoon  :  and  the 
line  at  the  foot  oi  the  table  shews  a  ^vcek's  diftcrenoe 
in  rising  and  setting. 
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This  table  was  not  computed,  but  only  estimated 
as  near  ascould  be  clone  from  a  common  globe,  oi 
M-hich  the  Moon's  orbit  (vas  delineated  with  a  black' 
lead  pencil.  It  may  at  first  sight  appear  erroneous  i 
since  as  we  have  supposed  the  Nfoon  to  be  full  ia. 
either  node  at  the  autumnal  equinox,  ought  by  ihC' 
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table  to  rise  just  at  six  o'clock,  or  at  sun-set,  on  the 
15thday  of  her  age;  being  in  tlie  ecliptic  at  that  time. 
But  it  must  be  considered,  that  the  Moon  is  only 
14\  days  old  when  she  is  full ;  and  therefore  in  both 
cases  she  is  a  little  |)ast  the  node  on  the  15th  day, 
being  above  it  at  one  time,  and  below  it  at  the  other. 

29:2.  As  there  is  a  complete  revolution  of  the  The peru 
nodes  in  181  years,  there  must  be  a  regular  period  ^^^^^ 
of  all  the  varieties  which  can  happen  in  the  rising  moon, 
and  setting  of  the  Moon  during  that  time.  But  this 
shifting  of  the  nodes  never  affects  the  Aloon's  rising 
so  nmch,  even  in  her  quickest  descendine;  latitude, 
as  not  to  allow  us  still  the  benefit  oi  her  rismg  nearer 
the  time  of  sun-set  for  a  icw  day  together  about  the 
full  in  harvest,  than  when  she  is  tuU  at  any  other 
time  of  the  year.  The  following  table  shews  in  what 
years  the  harvest- moons  are  leabt  beneficial  as  to  the 
times  of  their  rising,  and  m  what  years  most,  from 
1751  to  1861.  The  column  ot  }cars  under  the  let- 
ter L  are  those  in  which  the  harvest- moons  are  least 
of  all  beneficial,  because  they  fall  about  the  descend- 
ing node :  and  those  under  M  are  the  most  of  all 
beneficial,  because  they  lall  about  the  ascending 
node*   In  all  the  columns  trom  A*  to  S  the  harvest- 
moons  descend  {^raduall}  m  the  lunar  orbit,  and  rise 
to  less  heights  dbove  the  horizon.     From  StoJV 
they  asccrnd  in  the  sunic  proportion,  and  rise  to  great- 
er heights  above  the  ho*  izon.   In  both  the  columns 
under  S.  t*u  li«irvest. moons  are  in  the  lowest  part 
of  the  Moon'5  orbit,  tiiat  ib,  farthest  south  of  the 
ecliptic,  unci  thcrcidre  stav  shortest  of  all  above  the 
horizon:  in  the  coiMmn.s  under  A',  just  the  reverse. 
And  ill  lioth  casi.s,  their  risings,  though  not  at  the 
same  times,  are  j.eany  tht  ScinR  wiiii  rtgard  to  dif- 
fticii.v  Ml  time,  i;s  u  the  Moon's  or uit  were  coinci- 
fdent  widi  the  eciipiic. 
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^..^^^r^^ ^^^ >^,,,,,, J, ,.^ 

S  Ycara  in  which  the  Harve  fit -Moons  are  least  beivjicial, 
>  N  J.  S 

S  1751  1752  1753  1754  1755  1756  1757  1758  1759 
5  1770  1771  1772  1773  1774  1775  1776  1777  1778 
S  1788  1789  1790  1791  1792  1793  1794  1795  1796  1797  , 
^  1807  1808  1809  1810  1811  1812  1813  1814  1815  S 
S  1826  1827  1828  1829  1830  1831  1832  1833  1834 
.  .^  1844  1845  1846  1847  1848  1849  1850  1851  1852 
S 

•J        Years  in  w/iich  they  are  mos^t  benefieial, 
S  S  M  N 

!j  1760  .1761  1762  17^63  1764  1765  1766  1767  1768  1759  ^ 
S  1779  1780  1781  1782  1783  1784  1785  1786  1787  \ 
\  1798  1799  1800  1801  1802  1803  1804  1805  1806  > 
S  1816  1817  1818  1819  1820  1821  1822  1823  1824  18^5% 
Ij  1835  1836  1837  1838  1839  1840  1841  1842  1843  > 
b  1853  1854  1855  1856  1857  1858  V  '  •   I860  1861       S 

293.  At  the  polar  circles,  when  the  Sun  touches 
the  summer-tropic,  he  continues  24  hours  above 
the  horizon;  and  24  hours  below  it  when  he  touclies 
the  winter-tropic.  For  the  same  reason  the  full 
Moon  neither  rises  in  summer,  nor  sets  in  winter^ 
considering  her  as  moving  in  the  ecliptic.  For  the 
whiter  full  Moon  being  as  high  in  the  ecliptic  as  the 
summer  Sun,  must  therefore  continue  as  long  above 
tlie  horizon ;  and  the  summer  full  Moon  Ixrhig  as 
loAv  in  the  ecliptic  as  the  winter  Sun,  can  no  more 
rise  than  he  docs.  But  these  are  only  the  two  full 
Moons  which  hnppcn  about  the  tropics,  for  all  the 
others  rise  and  set.  In  summer  the  full  Moons  arc 
low,  and  their  stav  is  short  above  the  horizon,  when 
the  nifi:hts  arc  short,  and  ^\'e  have  least  occasion  for 
moon-light :  in  winter  they  go  high,  and  stay  long* 
alx)ve  the  horizon,  w  hen  the  nights  arc  long,  and  we 
want  the  greatest  quantity  of  moou-light. 
Thu  long  294.  At  the  poles,  one  half  of  the  ecliptic  never 
contiiiu-  g^i^g^  3i^(j  the  other  half  never  rises :  and  therefore, 
v^v.nyZ  as  the  Sun  is  always  half  a  year  in  describing  one 
iij;i»t  at     half  of  the  ecliptic,  and  as  long  in  going  througU 

•he  poles.  **  o 
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ihe  other  half,-  it  is  natural  to  imagine  tlwt  the  Sun 
contin  ues  half  a  year  together  above  ihe  horizon  of 
each  pole  in  its  luni,  and  as  long  below  it ;  rising  to 
one  pole  when  lie  sets  to  the  othtr.  This  would  be 
exactly  die  case  if  there  were  no  refraction  ;  but  by 
the  atmosphere's  refracting  the  Sun's  rays,  he  be- 
comes visible  some  days  sooner,  ^  183,  and  contin- 
ues some  days  longer  in  sight  than  he  would  other- 
wise do:  so  that  he  appears  above  the  horizon  of  ei- 
ther pole  before  he  has  got  below  the  horizon  of  the 
other.  And,  as  he  never  goes  more  than  23-J  de- 
groes  below  the  horizon  of  tlie  poles,  they  have 
very  little  dark  night ;  it  beuig  twilight  there  as  well 
as  at  all  other  places,  till  the  Sun  is  18  degrees 
below  the  horizon,  ^  177.  The  full  Moon  being  al- 
ways opposite  to  the  Sun,  can  never  be  seen  while 
tlie  Sun  is  above  the  horizon,  c  xcejn  when  the  Moon 
fulls  111  tht-  nurlht-rn  half  of  her  orbit;  for  whenever 
any  point  of  the  ecliptic  rises,  the  opposite  point  sets. 
Therefore,  as  the  Sun  is  above  the  horizon  of  the 
north  pole  from  the  ^Oth  of  March  till  the  23d  of 
September,  it  is  plain  that  the  Moon,  when  full,  be- 
ing opposite  to  the  Sun,  must  be  below  the  horizon 
during  that  half  of  the  yt  ar.  But  when  the  Sim  is  in 
the  southern  half  of  the  ecliptic,  he  never  rises  to  the 
north  pole,  during  \\  hich  half  of  the  year,  every  full 
Moon  happens  in  some  part  of  the  norihem  hall  of 
the  ecliptic,  which  never  sets.  Consequently,  as 
the  polar  inhabiianis never  see  the  full  Moon  in  sum- 
mer, they  have  her  always  in  the  winter,  before, 
at,  and  after  the  lull,  shinjnji;  for  14  of  our  days 
and  nights.  And  when  the  ISun  is  at  his  greatest 
depression  below  the  horizon,  being  then  in  Capri- 
corn, the  Moon  is  at  her  first  (|ujrter  in  Aries,  full 
in  Cancer,  and  at  her  third  quarter  in  Libra.  And 
as  the  beginning  of  Aries  is  the  rising  point  of  the 
ecliptic,  Cancer  ilie  highest,  and  Librj  the  setting 
point,  the  Moon  rises  at  htr  first  (|uarier  in  Aries, 
IS  most  elevated  above  the  horizon,  and  full  in  Cin- 
cer,  and  sets  at  the  bc^iiming  of  Libra  in  her  third 
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Ti    quaner,  having  continued  visible  for  14  diurnal  i 
'■     lations  of  the  Ji-anh.     Thus  the  polts  are  supplii 
one  lialCoftlKuimer-tinie  with  constant  moon-i\ 
in  the  Sun's  absence ;  and  only  lose  sight  of  l 
Moon  IVom  lier  third  to  her  first  quarter,  wliite  shel 
gires  but  very  little  light,  and  could  be  but  of  lit*  I 
\f.     de,  and  sometimes  of  no  service  tu  them.    A  bare 
view  of  the  figure  will  make  this  plain  :  in  m  hichlct 
^  be  the  Sun,  e  the  Karth  in  summer,  when  its 
north  pole  n  inclines  toward  the  Sun,  and  E  the 
Earth  in  winter,  when  its  north  pole  declines  from 
him.     SEX  and  NJrS  is  the  horizon  of  the  ntirth  I 
pole,  which  is  coincident  with  the  ccguator  ;  and,  in  I 
both  these  [xisitions  of  tlic  Earth,  *y  2c  >&  W  is  tlw  j 
Moon's  orbit,  in  which  she  goes  round  the  i'^nh*  I 
according  to  the  order  of  the  fetters  abed,  ABCD* 
Wlien  the  Moon  is  at  «,  siie  is  in  her  third  qwaiicr  1 
to  the  Earth  at*,  and  just  rising  to  the  tiorihpolcn/  I 
at  b  she  changes,  and  is  at  the  greatest  heigiil  Mbov*  | 
die  horizon,  as  the  Sun  likewise  is;  air  site  is  il 
her  first  quarter,  setting  below  the  horizon  ;  ^nd  is  | 
lowest  of  all  under  it  at  (/,  when  oppasite  to  tbei 
Sun,  and  her  enlightened  side  tonard  the  Earlb.  I 
But  then  she  is  full  in  view  to  the  south  pole^/  1 
which  is  as  much  turned  from  the  Sun  as  tbetiortb  I 
pole  inclines  toward  him.     Thus  in  our  summer,  1 
the  Moon  is  above  the  horizon  of  the  north  pole,  I 
while  she  describes  the  nortlurn  lialf  of  the  ccliptiol 
■V  ss  <fc ,  or  from  her  third  quarter  to  her  first ;  aodl 
below  the  horizon  during  her  progi-ess  through  tb&l 
southern  half  ii.  >}  v  ;  highest  at  the  cliangc,  mos&!| 
depressed  at  the  full.     But  in   winter,  irnen 
Earth  is  at  E,  and  its  north  pole  declines  from  t 
Sun,  the  new  Moon  at  D  is  at  her  greatest  dq 
sion  I>elo\v  the  horizon  A  kfS^  and  the  lull  Moon  a 
B  at  her  greatest  height  above  it ;  rising  at  her  fira 
quarter  .4.  and  keeping  above  the  horizon  till  s" 
comes  to  her  diird  quarter  C.     At  a  mean  state  sbo] 
is  23i  degrees  above  the  horizon  at  Ji  and  fi,  and  a 
much  beloiv  tt  at  JJ  and  r/,  equal  to  the  inclinutionl 
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of  the  Earth's  axis  F.  Sn  or  S  ^  is,  as  it  were, 
E^rayof  light  proceeding  from  Uie  Sun  to  lIieKarth; 
and  shews  that  when  tlie  Earth  is  al  c,  the  Sun  is 
afxjve  the  horizon,  vertical  to  the  tropic  of  Cancer; 
and  when  the  Earth  is  at  £,  he  is  below  the  horiznn. 
vertical  to  the  tropic  of  Capricorn. 

CHAP.  XVU. 

Of  the  Ebbing  and  Mowing  of  the  Sea. 

"^HE  cause  of  the  tides  was  discovered  by 

KErLEB,who,  lahhfft^roductitmtothe 

Physics  of  the  llewens,  thus  explains  it  :   '*  The  Tlie  oiuie 
orb  of  Ihe  attracting  power,  which  is  in  the  Moon,  ".^^^ 
is  extended  as  Tar  a?.  tV  Earth  ;  and  draws  the  wa-  JcvVred'by 
tcrs  under  the  torrid  zone,  acting  upon  places  where  Kb»l«ii- 
it  is  vertical,  insejisibly  on  confined  seas  and  bays, 
but  sensibly  on  the  ocean,  whose  beds  are  large, 
ajid  the   waters  have  the  liljcriy  uf  reciprocation; 
that  is,  of  rising  and  (lilling.'*      And  in  the  "Olfi 
page  of  his  hunar  .istroiioniy — "  Bui  tlie  cause  of 
the  tides  of  the  sea  appears  to  be  the  bodies  of  the 
Sun  and  Moon  drawing  the  waters  of  the  sea." — 
This  hint  being  given,    ihe  immortal   Sir   Isaac  Thek-tiie. 
Newtom  improved  it,  :md  wrote  so  amply  on  Ihe^'^.'?'!'^ 
subject,  as  to  make  the  theory  of  the  tides  in  a  1111*0 
manner  quite  his  o«  n ;  by  discovering  the  cause  of  "■**<"•■ 
their  rising  on  the  bide  of  the  Eartli  opposite  to  the 
Moon.     For  Kepler  believed,  that  the  presence 
of  die  Moon  occasioned  an  impulse  which  c-auacd 
another  in  her  absence. 

296.     It  has  been   already  shnvn,  ^  106,  th:il  EipUin. 
the  Dower  of  gravity  diminishes  as  the  square  of  J^^^*^' 
the  aistance  increases  ;    and  therefore  the  ^vatcrs  :ti , ,  *■ 
Z,  on  the  side  of  ihc  Ejnh.^BCDEFOJ/  .»  . 
the  Moon  M,   are  more  attnicted  than  the  I'tDi 
parts  of  tlic  Earth  O  by  the  Moon,  and  the  cliu;,.' 
parts  are  more  attracted  by  her  than  the  waters  on  '">( 
the  opposite   side  of  the  Earth  at  h;   and  then.- 
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fore  the  distance  between  the  Earth's  centre  : 
the  Waters  on  its  sitr&ce  under  and  opposite  to  tW 
Moon  sviU  be  increased.  For,  let  there  be  ihrae 
bodies  at  H,  0,  andD.-  if  they  be  all  equally  at. 
tracted  by  the  body  M,  they  will  all  move  equally 
fast  toward  it,  their  mutual  distances  from  cadi 
other  continuing  the  same.  If  the  attraction  of  i 
be  unequal,  then  that  body  which  is  most  stronglj^ 
attracted  will  move  fastest,  and  this  «'ill  increase  its 
disl:ince  from  the  other  body.  Therefore,  by  the 
law  of  gravitation,  A/ will  attract  //more  strongly 
than  it  does  0,  by  which  the  dibtance  between  if 
and  0  will  be  increased :  and  a  sjiectator  on  O  witt 
perceive  //  rising  higher  toward  Z.  In  like 
manner,  O  being  more  strongly  attracted  than 
D,  it  will  move  farther  towsrd  M  than  D  docs : 
consequently,  the  distance  between  O  and  D  will 
be  increased  ;  and  a  spectator  on  O,  not  perceiving 
his  own  motion,  \\\\i  see  D  receding  farther  from 
him  toward  n :  all  effects  and  appearances  being  tlM 
same,  whether  D  recedes  from  0,  or  O  from  Z) 
297.  Suppose  nov\-  there  is  a  number  of  bodies 
as  J,  B,  C,  D,  M,  F,  G,  //,  placed  round  O,  91 
as  to  form  a  flexible  or  fluid  ring :  then,  as  the 
^ihole  is  attracted  towards  M,  the  jiarts  at  H and 
D  will  have  their  disuincc  from  0  increased;  while 
the  parts  at  Ji  and  /•',  being  nearlj'  at  the  same  di 
tance  fiom  jV/as  O  is,  these  parts  will  not  recei 
from  one  another ;  but  rather,  by  theobliqueatlrao 
tion  of  il/,  they  will  approach  nearer  to  O.  Henc« 
the  fluid  ring  will  form  itself  into  au  ellipse  Zli 
Ln  K  F  N  7.,  whose  longer  axis  n  O  Zproduca 
^vill  pass  through  M>  and  Its  shorter  axis  B  0  1 
will  terminate  in  B  and  F.  Let  tlie  ring  be  filled 
with  fluid  particles,  so  as  to  form  a  sphere  rotmd  Ot 
then,  as  the  whole  moves  toward  M,  the  fluid  sphere 
being  lengthened  at  2  and  n,  will  assume  an  ob- 
long or  oval  form.  If  M  i>e  tlie  Moon,  O  the 
Karth's  centre,  ABCDEFGH  the  sea  covering  the 
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Karth's  surface,  it  is  evident,  by  the  above  reason.  ' 
ing,  that  while  the  Karlh  by  its  gravity  falls  towani 
the  Moon,  the  \vaicr  directly  bcIo«'  her  at  B  \\\\\ 
swrll  and  rise  gradually  toivard  her :  also  ilie  water 
at  D  will  recede  IVom  the  centre  (strictly  speaking, 
the  centre  recedes  from  iJ^,  and  nseonthe  opposite 
jude  of  the  Earth :  while  the  water  at  B  and  P  is 
depressed,  and  fiills  below  the  Ibrmer  level.  Hence, 
as  the  Earth  turns  round  its  axis  from  the  Moon  lo  1 
the  Moon  again,  in  24^  hours,  Ihcie  « ill  be  two 
tides  of  flood  and  t\i'o  of  ebb  in  that  lime,  as  we 
find  by  experience. 

298.  :Vs  this  explanation  of  the  ebbing  and  flow- 
ing of  tiic  sea,  is  deduced  from  the  Eartli's  con- 
stantly falling  toward  the  Moon  by  the  power  of  gra- 
vity, some  may  find  a  difficulty  in  conceiving  how 
this  is  possible,  when  the  Moon  is  full,  or  in  oppo- 
«tion  to  the  Sun ;  since  the  Karth  revolves  about 
the  Sun,  and  must  continually  fall  toward  it,  and 
therefore  cannot  lall  contrary  wjys  at  the  same  time : 
or,  if  tlie  Earth  btconstanily  tailing  toward  the  Moon, 
they  must  come  together  at  last.  To  remove  this 
difhculty,  let  it  be  considered,  tliat  it  is  not  the  cen- 
tre of  the  Earlh  that  describes  the  annual  orbit  round 
the  .Sun,  bat  the*  common  centre  of  gravity  of  the 
Earth  and  Moon  together:  and  that  while  the  Earth 
is  moving  round  the  Sun,  it  also  describes  a  circle 
round  tJiat  centre  of  gravity ;  going  as  many  times 
round  it  in  one  revolution  about  the  Sun  as  there 
arc  lunations  or  courses  of  the  Moon  round  the 
Earth  in  a  year :  and  thereiore,  the  Earlh  is  con- 
stantly  liiUing  toward  ihc  Maon  from  a  tangent  to 
the  circle  it  describes  round  tlic  said  common  cen- 
tre of  gravity.     Let  M  be  ih*  Moon,  T  /^part  of 

*  Tlii>  centre  a  aa  much  nearer  the  Eartti'a  orntn;  dun  (be 
MoMi'a,  ns  the  Earth  is  heavier,  nr  contiunii  a  Ereuter  (juaiitity  of 
matter  iliati  the  Mocn,  nuinely,  abcut  40  timfi.  If  both  bodies 
were  Htapended  on  it,  Biey  wouU  hsuig  in  rquitiMo,  So  tlial  divid- 
ing 340,UD0  inileg,  the  Monn'i  tlisunce  fnun  Hie  l^nli's  centre,  t»- 
40.  thcexcessof  the  Earth's  weight  H.bDvc  lhcMfian'x,thequoCient 
will  be  6000  miles,  which  is  the  dutuncc  of  (he  ommon  u-nln:  <J 
gravity  of  the  Earth  and  Moon  fmmtlic  Eanh'i  centre. 
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■  llic  Moon's  orl)it,  and  C  the  centre  of  gravity  I 
the  Karlh  and  Moon;  while  tlie  JVloon  goes  rou 
her  orbil,  ilit  centre  of  the  Karth  deiscribes  llK  c 
cJc  dg  eroiiiKl  C,  to  which  circle  jf  a  Jcisa  tangi 
and  iherclbre,  when  Uk;  Moon  has  gone  from  J 
a  little  past  ff\  tire  Kiinh  has  moved  from  j?"  to  « 
und  in  ihiit  [line  has  liillen  toward  the  Moon,  froi 
tJie  tangent  at  a  to  e;  and  so  on,  round  ihe  whol 
circle. 

299.  Tl»e  Sun's  Influence  in  raising  the  titU-sb 
but  small  in  comparison  of  the  Moon'ii ;  for  thougT 
the   liarih's  diameter  bears  a  considerable  f 
tion  to  its  distance  from  the  Moon,  it  is  next  lo  n 
thing  when  comi)art;d  to  its  distiince  from  the  * 
And  therefore,  the  difference   of  the  Sun's  attrac-l 
lion  on  ilie  sides  of  the  liartli  under  and  oppo&itej 
to  him,    is  much  less  than  die  difference  of  l' 
Moon's  attraction  on  the  sides  of  the  Earth  uni 
and  opposite  to  her  :  and  therefore  the  Moon  i 
raise  the  tides  much  higher  than  they  cau  be  i 
by  the  Sun, 

3UC.  On  this  theory,  so  far  as  we  have  ex[* 
it,  tlie  tides  ought  to  be  highest  directly  under  a 
I  opposite  to  the  Moon;  that  is,  when  the  I" 
;'  due  north  and  south.  But  we  find,  ttiat  in  ■ 
,  seas,  where  the  water  flow  sfrcely,  the  Moon  1 
genci-ally  past  the  north  and  south  meridian,  as  a 
when  it  is  higl\  water  at  Z  and  at  n.  The  re 
is  obvious;  for  diough  the  Moon's  attraction  ' 
to  cease  altogether  when  she  was  past  the  mcridiB 
yet  the  motion  of  ascent  communicated  to  (be  « 
ter  before  that  time  would  make  it  continue  lO  r 
fur  some  time  after ;  much  more  must  it  do  so  whi 
the  attraction  is  only  diminished :  as  a  little  im  _ 
given  to  a  moving  ball  vvill  cause  it  still  to  move  fi 
tlier  tlian  other\iise  it  could  have  done.  And  u  e 
periencc  shcivs,  that  the  day  is  hotter  about  tbiwii 
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the  afternoon  than  when  the  Sun  is  on  the  meridian,    »wne 
(jecausc  of  the  increase  made  to  the  Iieat  already      '*■ 
imparted. 

301.  The  tides  answer  not  always  to  tlie  same""'"'''- 
distance  oi'  the  Moon  from  the  mcrulian  at  the  sanic  s^H  "" 
places;  but  are  variously  afiected  by  the  action  oi '"^'' being 
the  Sun,  which  brings  them  on  sooner  when  tlie  'Ime'ciis. 
Moon  is  in  her  first  and  tlurd  quarters,  and  keeps  tuKcrroa 
ilieni  back  later  when  bhe  is  in  her  second  and  fourth :  "" 
because,  in  die  former  case,  the  tide  raised  bv  the 
Sun  alone  would  be  earlier  than  the  tide  raised  by 
the  Moon ;  and  ui  tlie  hitter  case  later. 

50^.  Tlie  Moon  goes  round  the  Kanh  in  an  ellip- 
tic orbit,  and  llierefoie,  in  everj-  lunar  month,  she 
approaches  nearer  to  the  Earth  than  her  mean  dis- 
tance, and  recedes  farther  fiom  il.  When  bhe  is  near-  Spring 
est,  she  attracts  strongest,  and  so  raihts  tlK  tides 'i'^jj)"''' 
most;  the  contrar)' happens  when  she  is  farthest,  be- 
cause of  lu:r  weaker  attraction.  When  both  lumina- 
ries are  in  the  equator,  and  tlie  Moon  in  pfrigco,  or 
at  her  least  distance  from  die  Earth,  she  raises  the 
tides  highest  of  all,  especially  at  her  conjunctionand 
opposition  ;  both  because  the  equatorial  parts  have 
the  greatest  centrifugal  iorce  from  their  describing 
die  lai^esl  circle,  and  from  the  concurriiig  actioru 
of  the  Sun  and  Moon.  At  the  change,  the  atu-active 
forces  of  the  Sun  and  Moon  being  united,  iliey  di- 
minish the  gravity  of  the  v\aters  under  the  M(x»n, 
and  their  gravity  on  the  0|>;)osite  side  is  diminished 
by  means  of  a  greater  centrifugal  fora-.  At  the  full,  Fig:  vl 
while  Itic  Moon  raises  the  tide  under  and  opposite 
to  her,  the  Sun,  acting  in  the  same  line,  raises  die 
tide  under  and  opposite  to  hiin  ;  whence  their  con- 
joint efiect  is  the  siime  as  at  the  change;  and  in  both 
cases,  occasion  ivhat  we  ciill  die  spring  titles.  But 
at  the  (|uarlers  die  Sun's  action  on  the  waters  at  O 
and  //  diminishes  tk-  effect  of  the  Moon's  action  on 
the  waters  at  Z  and  A';  so  diat  diey  rise  a  little  un- 
der and  opposite  to  the  bun  at  O  and  //,  and  fall  rw, 
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much  under  and  opposite  to  tiie  Mtxjii  at  Z  and  J 
making  what  wc  call  tht  neap  fides,  btcause  the  S' 
and  Moon  dien  act  cross-wise  to  each  other.  Buj 
strictly  speaking,  these  tides  happen  not  till  soni 
time  after ;  bccuuse  in  diis,  as  in  other  cases,  ^  3" 
the  actions  do  not  produce  the  greustet  effect  % 
they  arc  at  die  strongest,  but  some  time  aftern 

303.  The  Sun  being  nearer  die  Eartli  in  winter* 
than  in  summer,  i  205,  is  of  course  nearer  to  it  ui 
February  and  October,  than  in  March  and  Septem- 
ber ;  and  therefore  the  greatest  tides  hapjien  not  till 
some  time  alter  the  autumnal  equinox,  andretuma 
little  before  the  vcmaL 

Tl»e  sea  being  thus  put  in  motion,  ^vould  conti- 
nue t()  ebb  and  flow  lor  several  times,  even  though 
the  Sun  and  Moon  were  annihilaied,  or  their  influ- 
ence should  cease  :  as  if  a  bason  of  water  were  a 
tated,  the  water  would  continue  to  move  for  sora 
time  after  die  bason  was  left  to  stand  slill.  Or  Uk^ 
'"'"'"■  a  pendulum,  which,  h;iving  been  put  in  motion  I 
the  hand,  continues  to  make  several  vibrations  w ' ' 
out  any  new  impulse. 

The  luniu-     304.  When  the  Moon  is  in  the  e(]uator,  the  ti 
^*>' "''"'■  are  equally  high  in  boih  parts  of  die  lunar  day, 
me  to      time  of  the  Moon's  revolving  from  the  mer-"- — 
unequal    the  meridian  again,  which  is  24  hours  50  i^.,..uiv« 
ote^rme"  J^ii'^  as  the  Moon  declines  from  the  equator  towarij 
dsy,  and  either  pole,  the  tides  are  alternately  hif^her  and  low 
"  '''■        at  places  having  north  or  soutli  latitude.    For  o 

the  highest  t-kvations,  which  is  that  under  the  Mo< 
follows hertoward  die  pole  to  whichsheis  nearest,! 
the  other  declines  rowiu-d  ihe  opposite  pole ;  each  c 
ration  describing  par.iltclsasfardistant  from  the  cqui 
tor,  on  opposite  sides,  as  the  Mooii  declines  from 
to  cither  side;  and  conse<iueiuly,  the  parallels  do; 
scribed  by  these  elevations  of  the  ivater  are  tw  ice  aj 
many  degrees  ttom  one  another,  as  the  Moon  is  froifl 
the  equator;  increasing  their  distance  as  tlie  Moi 
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increases  her  declination,  till  it  be  at  liie  greatest,  ■ 
when  tlic  said  parallels  we,  at  a  mean  sUite,  47  de- 
l^rees  from  one  another :  and  on  tliat  day,  the  tides 
are  most  unequal  in  tlieir  heights.  As  the  Moon  re- 
turns toward  tlie  efiiiator,  the  parallels  described  b)' 
the  opposite  elevations  approach  toward  each  other, 
until  the  Moon  comes  to  the  tqiialor,  and  then  they 
coincide.  As  the  Moon  declines  towards  the  oppo- 
site pok',  at  equal  distances,  each  elevation  describes 
the  s;mic  parallel  in  die  other  part  of  the  lunar  day, 
Avhich  its  opposite  elevation  described  before. — 
While  the  Moon  has  north  declination,  the  greatest 
tides  in  the  northern  hemisphere  are  when  she  is 
above  the  horizon,  and  the  reverse  while  her  decli- 
nation is  south.  \jx\N E  SQ.  betheEarth,  A*C.SFig.  iir. 
its  axis,  E  Q  the  equator,  T  as  the  tropic  of  Con-  '^-  ^■ 
cer,  (  V5  llie  tropic  of  Capricorn,  a  itlie  arctic  cir- 
cle, crfihc  anUirctic,  .Vtlie  north  pole,  <Slhc  soulli 
pole,  M  the  Moon,  F  and  0  tlic  two  eminences  of 
water,  whose  lowest  parts  are  at  a  and  d  (Fig.  III.  J 
at  A* and  5  {Fig.  IV.)  »ndat  ^  and  e  (Fig.  V.}  al- 
ways yO  degrees  from  the  highest.  Now  when  the 
Moon  is  in  her  greatest  north  declination  at  ^f,  the 
highest  elevation  G  under  lii^r,  is  on  the  tropic  of 
Cancer  T  2b,  and  the  opjKisitc  elevation  F  on  the  rig-  ttt 
tropic  of  Capricorn,  t  vj  ;  and  these  two  elevations 
describe  the  tropics  by  the  Karth's  diurnal  lotalion. 

All  places  in  the  norilicm  hemisphere  £  vV  Q  ■ 

have  the  highest  tides  when  Uicy  come  into  tlic  po- 
sition  A  =2  Q,  under  the  Moon;  iind  the  lowest  tides 
when  the  Eailh's  diurnal  rotution  tarries  them  into 
the  portion  a  T  E,  on  llie  sitlc  opposilc  lo  the 
Moon;  the  reverse  happrns  al  the  same  lime  in  thq 
southern  hemisphere  Xi  i'  Q,  as  is  evident  to  sight. 
ITic  axis  of  the  lidcs  aC  d  lias  now  its  poli-s  a  and 
d  {being  ahvays  90  degrees  from  the  highest  eleva- 
tions) in  ihe  arctic  and  antarctic  circles ;  and  there, 
fore  it  is  plain,  that  at  these  circles  tlicre  is  but  one  tide 
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^*'^"     offloodaiidone  of  ebb,  in  the  lunarday.  For,  when 
'*■       point  a  revoU'es  half  round  to  b,  in  12  lunar  hours 
Fig.  IV.  jiasatide  of  flood;  but  nhenitcomeslothe  same  point 
a  again  in  12  hours  more,  it  has  the  lowest  ebb.    In 
seven  days  afterward,  the  Moon  M  comes  to  ihc 
equinoctial  circle,  and  is  a\cx  tlie  eciuator  E  Q,  when 
both  elevations  describe  the  equator  ;  and  in  both 
hemispheres,  at  equal  distances  from  the  equator, 
the  tides  arc  equally  high  in  both  parts  of  the  lu 
day.  The  ^^■holc  phenomena  being  reversed,  wl 
the  Moon  has  south  declination,  to  what  they  iv 
when  her  declination  was  north,  require  no  farther 
description, 

305.  In  the  three  last-mcntioned  figures,  the  earth 
is  orthographically  projected  on  the  plane  of  the  me- 
ridian ;  but  in  order  to  descrihe  a  particular  pheno- 
menon, we  now  project  it  on  the  plane  of  the  ecliptic. 
Let  /^ZOA*be  the  earth  and  sea,  /*'£ /J  the  equa- 
tor, T  the  tropic  of  Cancer,  C  the  arctic  circle,  P 
the  north  pole,  and  the  curves  1,  2,  3,  ^c.  24  meri- 
dians, or  hour-circles,  intersecting  each  other  in  the 
When      poles ;  AG M IS  llic  Moon's  orbit,   S  the  Sun,  M 
aree^uBU  the  MoDH,  Z the  Water  eJc^-alcd  undcr  thcMoon,  and 
ly  high  in  J\!  the  opi^osite  equal  elevation.   As  the  lowest 
Sy.Xy  of  the  water  are  always  90  degrees  from  the  hig! 
Mfi've  >t    when  the  Moon  is  in  cither  of  the  tropics  (as  at 
y^i"^    the  elevation  Z  is  on  the  tropic  of  Capricorn,  and 
oriimet    opposite  elevation  A" on  the  tropic  of  Cancer;  the 
B  uxAvke    low-water  circle  HC  O  touches  the  polar  circles  at 

I  "'"*■        C,  and  the  high-water  circle  E'JP  G^ 

I  the  poles  at  1*,  and  divides  evcrj^  parallel  of  latitui 

I  into  two  equal  segments.  In  this  case,  the  tides  u] 

I  every  parallel  arc  alternately  higlier  and  lower; 

I  they  return  in  equal  times :  the  point  T,  for  exami 

I  on  the  tropic  of  Cani--tr  (iihere  the  depth  of  the  tji 

I  is  represented  b)-  the  breadth  of  the  dark  shade)  h 

I  a  shallower  tide  of  flood  at  7",  than  when  it  revolves 

L  half  round  from  thence  to  6,  according  to  the  order 
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E  numeral  figures ;  but  it  icvolvcs  as  soon  from 
6  to  Tas  it  did  from  7"  to  6.  \Vhen  the  Moon  is 
in  the  equinoctial,  the  elevations  7.  and  jVare  trans- 
ferred to  the  equator  at  O  and  H,  and  the  high  and 
low-water  circles  are  got  into  tach  other's  former 
places ;  in  \vhich  case  the  tides  return  in  unequal 
times,  but  are  equally  high  in  parts  of  the  lunar  day : 
for  a  place  at  1  (under  Z>)  revolving  as  formerly,  goes  ^ 
sooner  from  1  to  1 1  {under  Z')  than  from  1 1  to  1, 
because  the  parallel  it  describes  is  cut  into  unequal 
segments  by  the  high-water  circle  HCO :  but  the 
points  1  and  1 1  being  equidistant  from  the  pole  of 
the  tides  at  C,  which  is  directly  under  the  pole  of 
the  Moon's  orbit  MGA,  the  elevations  arc  equally 
high  in  both  imrts  of  tlie  da;-. 

306.  And  thus  U  appears,  that  as  the  tides  are  go- 
vemed  by  the  Muon,  tney  must  turn  on  the  axis  of 
the  Moon's  orbit,  which  is  inclined  23J  degrees  to 
the  Earth's  axis  at  a  mean  state :  and  therefore  the 
poles  of  the  tides  must  be  so  many  degrees  from  the 
poles  of  the  Earth,  or  in  opposite  points  of  the  polar 
circles,  going  round  these  circles  in  every  lunar  day. 
It  is  true,  that  according  to  Fig.  IV.  when  the  Moon 
is  vertical  to  the  Equator  £CQ,,  the  poles  of  the 
tides  seem  to  fall-in  with  the  poles  of  the  world  JV 
and  i5;  but  when  wc  consider  that  FGH  is  under 
the  Moon's  orbit,  it  will  appear,  that  when  the  Moon 
is  over  H,  in  the  tropic  of  Capricorn,  the  north  pole 
of  the  tides  (which  can  be  no  more  than  90  degrees 
fi-om  under  the  Moon)  must  be  at  C  in  the  arctic 
circle,  not  at  i*,  the  north  pole  of  the  EarUi ;  and 
as  the  Moon  ascends  from  ^to  6'  in  her  orbit,  the 
north  pole  of  the  tides  must  shift  from  f  to  n  in  the 
arctic  circle,  and  tlie  south  pole  as  much  in  the  an- 
tarctic. 

It  is  not  to  be  doubted,  but  that  the  Earth's  quiet 
"*■""-!  brings  the  poles  of  the  tides  nearer  to  the 
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poles  ol"  llie  «'orUl,  than  they  would  Iw  il'  Uie  Kartb 
were  at  rest,  and  the  Moon  revolved  abuut  it  only 
onceamonth;  for  odierwise  the  tides  would  be  more 
unerjual  iti  their  heiglils,  and  times  of  their  returns, 
tlian  we  find  ihey  are.  But  how  near  tlie  lurlh's 
rotation  may  bring  UkC  poles  of  its  axis  and  those  of 
the  tides  together,  or  nwv  far  the  preceding  tides 
may  aflect  Bhosc  which  follow,  so  as  to  make  than 
keep  up  nearly  to  the  same  heights,  and  Umcs  of 
ebbing  and  flowing,  is  a  problem  more  fit  to  be 
sdved  by  observation  tlian  by  iheor)-. 

'  3(17.  Those  who  have  opportunity  to  make  obser- 
.  vations,  and  choose  to  satisfy  themselves  whether 
the  tides  are  really  affected  in  the  above  manner  by 
the  different  positions  of  the  Moon,  especially  as  to 
the  unequal  times  of  their  returns,  may  take  thi&  ge- 
neral rule  for  knoM  iiig  when  they  ought  to  be  soof- 
fected.  WhentlieKiu-th'saxisinclinesto  the  Moon, 
the  northern  tides,  il"  not  retarded  in  their  jmis! 
through  shoals  and  channels,  nor  afiected  by 
winds,  ought  to  be  greatest  when  the  Moon  is  abovC 
the  horizon,  least  when  she  is  below  it;  and  quite 
the  reverse  when  the  Earth's  axis  declines  from  ner; 
but  in  both  cases,  at  equal  intervals  of  tirae.  W'bea 
the  Earth's  axis  inclines  side»ise  to  die  Moon,  both> 
tides  are  equaUy  high,  but  they  happen  at  iiiie()uajt 
intervals  of  time.  Li  every  lunation,  the  Earth's 
axis  ijiclines  once  to  the  Moon,  once  from  her,  and 
twice  sidewise  to  her,  as  it  does  to  the  Suii  everj; 
year :  because  the  Moon  goes  round  the  ecliptic  eve.; 
ry  niondi,  and  the  Sun  but  once  in  a  year.  In  taimi- 
iner,ihe  Earth'saxis  inclines  to  ward  the  Moon  wliea 
new ;  and  therefore  the  day-tides  in  the  north  ought 
to  be  highest,  and  night-tidcs  lowest,  about  tbi 
change:  at  the  full  the  reverse.  At  the  quarter 
they  ought  to  be  equally  high,  but  unequal  m  ihefi 
returns ;  because  the  Earth's  axis  then  inc^ucsoi' 
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wise  to  the  Moon.  In  ttintcr,  tlie  phenomena  arc 
the  same  at  fuU  Moon  as  in  summer  at  new.  Jn  au- 
tumn, the  Earth's  axis  inclines  sidewjse  to  tlie  Moon 
when  new  and  full ;  therefore  the  IJdes  ought  to  bi- 
equally  high,  and  uneciual  in  their  returns  at  tljese 
limes.  At  the  first  quarter,  the  udes  of  flood  should 
be  least  wlien  the  Moon  is  above  the  horizon,  great- 
est when  she  is  betow  it;  and  the  reverse  at  her  third 
quarter.  In  spring,  the  phenomena  of  tlie  first  quar-  - 
ter  ansxrer  to  those  of  the  third  quarter  in  autumn ; 
and  vice  vend.  The  nearer  any  time  is  to  cither  ol' 
these  seasons,  tlic  more  the  tides  partake  of  tiie  phe- 
nomeiu  of  these  seasons ;  and  in  the  middle  between 
any  two  of  them,  the  tides  are  at  a  mean  state  be- 
tween those  of  botli. 

3U8.  In  open  seas,  tlie  tides  rise  but  to  verj'  small  Why  the 
heights  in  proportion  to  *vhai  they  do  in  wide-mouth-  J^ll^^prjn 
ed  rivers,  opening  in  the  direction  of  the  stream  ofrivenihan 
tide.     For,  iu  channels  growiug  narrower  gradually, '"  ^^  "*'■ 
the  water  is  accumulated  by  the  opposition  of  the 
contracting  bank-     Like  a  gcnde  wind,  litde  feltoo 
an  open  plane,  but  strong  and  brisk  in  a  stixiet;  e^ 
pecially  if  the  wider  end  of  the  street  be  next  the 
plane,  and  in  the  way  of  die  wind. 

309.  The  tides  are  so  retarded  in  their  passage  The  tides 
through  diSerent  shoals  and  channels,  and  otherwise  l3''Swin. 
so  variously  affected  by  stiiking  against  capes  and «>  of  the 
headlands,  that  to  difi'crciit  places  they  happen  at  all  J*'"'",^. 
distances  of  the  Moon  from  the  meridian;  conse- mcridiw 
quently  at  all  hours  of  the  lunar  day.    The  tide  pro-  *'  '*^^- 
pagatcd  by  the  Moon  in  die  Oerman  ocean  whcn"d  wSy^ 
she  is  three  hours  past  the  meridian,  takes  12  hours 
to  come  from  thence  to  ZoWo/j-Anf^f;  where  it  ar- 
rives by  the  time  that  a  new  tide  is  raised  in  the 
ocean.   And  thereJbrc  when  the  Moon  has  north  de- 
clination, and  we  should  expect  the  tide  at  London 
to  be  greatest  when  the  Moon  is  above  the  horizon, 
we  &ul  it  is  leaiit ;  and  the  contrary 
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south  declination.  At  several  places  it  is  high-watef  j 
three  hours  before  the  Moon  comes  to  the  meridian  j  C 
but  that  tide  which  the  Moon  pushes  as  it  were  be-f 
fore  her,  is  only  the  tide  opposite  to  that  which  waam 
raised  bv  her  when  she  was  nine  hours  past  the  op-j 
posite  meridian,  1 

Thewiter  310.  There  are  no  tides  in  lakes,  fiecause  thcyl 
in  ilkta'"^"*  generally  so  small,  that  when  the  Moon  is  vertt-*! 
cal  she  attracts  every  part  of  them  alike,  and  there- 1 
fore  by  rendering  all  the  water  equally  light,  no  part  I 
of  it  can  be  raised  higher  than  another.  The  Jlfedi-M 
lerranean  and  Baltic  seas  have  very  small  elevations,  I 
because  the  inlets  by  which  they  communicate  Aitbl 
the  ocean  are  so  narrow,  that  they  cannot  insosliorti 
a  time  receive  or  discharge  enough  to  raise  or  suik  | 
their  surfaces  sensibly.  " 

The  Moon  311.  Air  being  lighter  tlian  ivater,  and  the  sur- 
tidMinthe*^^*^  of  the  atmosphere  being  nearer  to  the  Moon 
iir.  than  the  surface  of  the  sea,  it  cannot  be  doubted 

that  the  Moon  raises  much  higher  tides  in  the  «r 
than  in  the  sea.  And  therefore  many  have  wondered 
why  the  mercury  does  not  sink  in  the  barometer 
when  the  Moon's  action  on  the  particles  of  air  maket 
them  lighter  as  she  passes  over  the  meridian.     Bitf 
whythc  ^^  '""'**  consider,  tliat  as  these  particles  are  rendi 
mereury    cd  lighter,  a  greater  number  of  them  is  accumulatet 
inthe  bir-  y^til  the  deficiency  of  gravity  be  made  up  by  thi 
not^affect.  hei^t  of  the  column ;  and  then  there  is  an  c^iUi\ 
ed  by  the  br'tum,  and  consequendy  an  equal  prcssurfe_iipon  '1 
Ude9.       mercury  as  before ;  so  that  it  cannot  be  afTected  h 
the  aerial  tides. 
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CHAP.  XVIU. 

Of  Eclipses:  Their  Number  and  Periods.    A  large 
Catofogue  of  AitcieiU  and  Modem  Eclipses. 


112  T7  VERY  planet  and  satellite  is  illuminated  a  shadow 

Tj  by  the  Sun,  and  casts  a  shadow  toward "  **' 
that  point  of  the  heavens  tvhicb  is  opposite  to  the 
Sun.  This  shadow  is  nothing  but  a  privation  of  light 
in  the  space  hid  from  the  Sun  by  the  opaque  body 
that  intercepts  his  rays. 

313.  When  die  Sun's  light  is  so  intercepted  byEciipiM 
the  Moon,  that  to  any  place  of  the  Earth  the  Sun^dMoon. 
appears  partly  or  wholly  co^'e^cd,  he  is  said  to  un-  wii»t- 
dergo  an  eclipse;  though,  properly  speaking,  it  is 
only  an  eclipse  of  that  part  of  the  Earth  where  the 
Moon's  shadow  or  *  penumbra  falls.  When  the 
Earth  comes  between  the  Sun  and  Moon,  the  Moon 
falls  into  the  Earth's  shadow ;  and  having  no  light 
of  her  own,  she  suffers  a  real  eclipse  from  the  in- 
terceptjon  of  die  Sun's  rays,  \vhen  the  Sun  is 
eclipsed  to  us,  the  Moon's  inhabitants  on  the  side 
next  the  Earth  (if  any  such  inhabitants  there  be)  see 
her  shadow  like  a  dark  spot  travelling  over  the  Earth, 
about  twice  as  fast  as  its  equatorial  parts  move,  and 
the  same  way  as  they  nio\-e.  When  the  Moon  is 
in  an  eclipse,  the  bun  appears  eclipsed  to  her,  total 
to  all  those  parts  on  which  the  Eartli's  shadow  iiiUs, 
and  of  as  long  continue  as  they  are  in  the  shadow. 

3H.  That  the  Eardi  is  spherical  (for  the  hills  take  a  proof 
off  no  more  from  the  roundness  ol'  the  Earth,  than  thai  Uie 
grains  of  dust  do  from  the  roundness  of  a  common  ^"^^  ^ 

Hobulu 
•  The  penuntbra  i>  a  faint  kind  nf  (hadow  all  rootxl  the  jierfcci  i>o<l'c». 
^dnn  01  the  planet  or  tateUite,  ami  wUI  Ik  more  fiilljr  cxiiliiiocd 
by  and  ty. 
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globe)  is  evident  from  the  figure  of  its  shadow  (ili 
le  Moon ;  which  is  always  bounded  by  a  circular 
line,  jiltliough  the  Eorrfi  is  incessantly  turning  its  dif-' 
ferent  sides  to  the  Moon,  and  veiy  seldom  sliews  ihc 
same  side  to  her  in  different  eclipses,  because  thcj- 
seldom  happen  at  the  same  hours.  Were  the  Eartfi 
shaped  like  a  round  flat  plate,  its  sliadow  would  only 
be  circular  when  either  of  its  sides  direcUy  i'aoed  the 
Moon  ;  and  moie  or  less  elliptical  as  Ok  Earth  hap- 
pened to  be  turned  more  or  less  oblit[uely  toward  the 
Moon  when  she  is  eclipsed.  The  Moon's  different 
phases  prove  her  to  be  round,  ^  254;  for  as  she 
keeps  still  the  same  side  toward  the  Karth,  if  that 
side  were  flat,  as  it  appears  to  be,  she  would  never 
be  visible  from  the  third  quarter  to  the  first ;  and 
IVom  the  first  quarter  to  the  third,  she  ^vould  appear 
as  round  as  when  we  say  she  is  full :  because  at  ihc 
end  of  her  first  quarter  the  Sun's  light  would  come 
;is  suddenly  on  all  her  side  next  the  tarth,  as  it  does 
on  a  flat  wall,  and  go  off  as  abruptly  at  the  end  of 
her  third  quarter. 

315.  If  the  Karth  and  Sun  were  of  equal  magni- 
'  tudes,lhc  Earth's  shadow  would  be  uifinitcty  extend, 
ed,  and  every  where  of  the  same  diameter;  and  the 
planet  Mars,  in  either  of  its  nodes,  and  opposite  to  the 
Sun,  would  be  eclipsed  in  the  Earth's  shadow.  Were 
>■  the  Earth  bigger  than  the  Sun,  its  siiadow  would  ia- 
crease  in  bulk  the  farther  it  extended,  and  n'ould 
cclipye  the  g^eat  planets  Jupiter  and  Saturn,  with  all' 
their  moons,  when  they  were  opposite  to  the  Sun. 
But  as  Marsin  opposition  never  falls  into  the  Earth's 
shadow,  although  he  is  not  then  above  -12  milltons 
of  miles  from  the  Earth,  it  is  plain  that  the  Earth  i^ 
much  less  than  the  Sun;  for  othennse  its  shadow 
could  not  end  in  a  point  at  so  small  a  distance, 
the  Sun  and  Moon  ^ere  of  etiual  magnitude,  the 
Moon's  shadow  would  go  on  to  the  Earth  with  a 
equal  breadth,  and  cover  a  portion  of  the  Earth's  s 
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fiice  more  than  2000  miles  broad,  even  if  it  fell  di- 
rectly against  the  Earth's  centre,  as  seen  from  the 
Moon ;  and  much  more  if  it  fell  obliquely  on  the 
Earth :  but  the  Moon's  shadow  is  seldom  150  ^liles 
broad  at  the  Earth,  unless  when  it  falls  very  oblique- 
ly on  it  in  total  eclipses  of  the  Sun.  ^  In  annular 
eclipses,  the  Moon's  real  shadow  ends  in  a  point  at 
some  distance  from  the  Earth.  The  Moon's  small 
distance  from  the  Earth,  and  the  shortness  of  her 
shadow,  prove  her  to  be  less  than  the  Sun.  And 
as  the  Earth's  shadow  is  large  enough  to  cover  the 
Moon,  if  her  diameter  were  three  times  as  large  as 
it  is  (which  is  evident  from  her  long  continuance  ia 
the  shadow  when  she  goes  through  its  centre)  it  is 
plain  that  the  Earth  is  much  larger  than  the  Moon* 

316.  Though  all  opaque  bodies  on  which  the  Sun  The  pri- 
shines  have  their  shadows,  yet  such  is  the  bulk  of  ^*^yp^"** 
tfte  Sun,  and  the  distances  of  the  planets,  that  the  eclipse 
primary  planets  can  never  eclipse  one  another.     A  ^«  »no* 
primary  can  eclipse  only  its  secondaries  "or  be  eclips- 

ed  by  them ;  and  never  but  when  in  opposition  to, 
or  conjunction  with,  the  Sun.  The  Sun  and  Moon 
are  so  every  month :  whence  one  may  imagine  that 
these  two  luminaries  should  be  eclipsed  every  month. 
But  there  are  few  eclipses  in  respect  to  the  number 
of  new  and  full  Moons ;  the  reason  of  which  we 
shall  now  explain. 

317.  If  the  Moon's  orbit  were  coincident  with  why* 
the  plane  of  the  ecliptic,  in  which  the  Earth  always  ./^^ 
moves,  and  the  Sun  appears  to  move,  the  Moon's  eclipses, 
shadow  would  fall  upon  the  Earth  at  every  change, 

and  eclipse  the  Sun  to  some  parts  of  the  Earth.  In 
like  manner,  the  Moon  would  go  through  the  mid- 
die  of  the  Earth's  shadow,  and  be  eclipsed  at  every 
full ;  but  with  this  difference,  that  she  would  be 
totally  darkened  for  above  an  hour  and  an  half;  where- 
as the  Sun  never  was  above  four  minutes  totally 
eclipsed  by  the  interposition  of  the  Moon.  Butonexjig 
half  rf  the  Moon's  orbit  is  elevated  5\  degrees  above  Moon's 

11  no4tt. 


264 


Of  Eclipses. 


itie  ecliptic,  and  the  other  half  as  much  c 
below  it :  consequtntly  the  Moon's  orbit  inte 
the  ecliptic  in  two  opposite  points  called  the  M 
nodes,  as  has  been  already  tiiken  notice  of,  ff  i 
When  these  poyits  are  in  a  right  line  Avith  the  cen- 
tre of  tile  Sun  at  new  or  full  Moon,  the  Siui,  Moon, 
and  Earth,  are  all  in  a  right  line;  and  if  the  Mocxi 
be  then  new,  her  shadow  fells  upon  tlie  Earth; 
Limits  of  full,  tlie  Earth's  shadow  falls  upon  her.     When  ti 
ecliiiae*.    g^ji  g^j  Moon  are  more  than  17  degrees  frome 
ther  of  the  nodes  at  the  time  of  conjunction,  t" 
Moon  is  then  generally  too  high  or  too  low  in  i 
orbit  to  cast  any  part  of  her  shadow  upon  thcl'jirUwl 
And  when  the  Sun  is  more  than  twelve  degrees  from 
cither  of  die  nodes  at  the  time  of  full  Moon,    tJie 
Moon  is  generally  too  high  or  too  low  in  her  orbit  lo- 
go through  anj''  part  of  the  Earth's  shadow:  and  il 
both  these  cases  there  will  be  no  eclipse.     But  w ' 
tiie  Moon  is  less  than  17  degrees  from  either  i 
at  the  time  of  conjunction,   her  shadow  or  penuia 
bra  fiiUs  more  or  less  upon  the  Earth,  as  she  is  mar 
or  less  within  this  limit.*     And  when  she  is  lea 
than  12  degrees  from  either  node  at  the  lime  of  o 
position,  she  goes  through  a  greater  or  less  portii 
of  the  I'^-arth's  shadow  as  she  is  more  or  less  with 
this  litnil.  Her  orbit  contains  3(30  degrees,  of  whicj 
17,  the  limit  of  solar  eclipses  on  either  side  of  tin 
nodes,  and  12,  the  limit  of  lunar  eclipses,  are  bul 
small  portions  :  and  as  the  Sun  commonly  passes  b| 
the  nodes  but  twice  in  a  year,  it  is  no  >vonder  thai 
we  have  so  many  ne\v  and  fuU  Moons  withoi^ 
eclipses. 


*  This  admits  of  some    variatioD :  for  in  apc^al  edipsM  i 
Milar  limit  is  but  t61-2cWTEeG:  and  inperigeaIecI)p>«s,itiHl8Li£' 
When  the  ftiU  Moan  u  in  Tier  aix^ee,  ibe  will  be  edipaed  if  dK  be 
within  )01-2draTeesDf  the  node;  and  when  slie  i-s  mil  in  bet  pe- 
rigee, she  will  Se  eclipsed  if  she   be  within  12  >   dixraci  of  the 


A 


V/EcHpses.  26 

To  illustrate  this,  \f:\.  J  Ji  C  D  he  the  eliptic,  »■'■»'■. 
9  S7'  U:\  circle  lying  in  the  same  plane  ivitii  die     *" 
ediptic,  and  FJVXY\!i.k  Moon's  orbit,  all  tliroHn^'S  ^ 
into  an  oblique  view,  which  gives  them  an  eUiplical 
shape  to  the  eye.     One  half  of  tlie  Moon's  orbit,  as 
F  fF  X^  is  always  below  the  ecliptic,  and  the  olhw 
half  X  Y  V  above  it.    The  points  V  and  X,  when- 
the  MfMn's  orbit  intersects   the  circle  R  STU, 
which  Ues  even  with  tlie  elliptic,  are  tlie  Maori's 
nodes;  anti  a  right  line,  as  A^  £  Z',  drawn  from  oneLine»of 
to  the  other,  through  tlie  Karth's  centre,  is  called  ''"■"  '"^' 
the  Line  of  the  nodes,  which  is  carried  almost  pa- 
rallel to  itself  round  tlie  Sun  in  a  year. 

If  the  Moon  moved  round  the  I'"artli  in  tiie  orbit 
R  S  TU,  which  is  coincident  with  the  plane  of  the 
ecliptic,  her  shadow  would  liill  upon  the  Karlh  eve- 
ry  time  she  is  in  conjunction  witli  the  Sun,  and  at 
every  opposition  she  \vould  go  tlirough  the  Karth's 
shadow.  Were  this  the  case,  the  Sun  would  be 
eclipsed  at  every  change,  and  the  Moon  at  everj 
full,  as  already  mentioned. 

But  although  the  Moon's  sliadaw  A' must  fall  up- 
on the  Earth  at  a,  when  tlie  Karlh  is  at  E,  and  ihf 
Moon  in  conjunction  with  the  Sun,  at  /,  because 
she  is  then  very  near  one  of  her  nodes,  and  at  her 
opposition  «,  she  must  go  througfi  the  JiarlJi's  sha- 
dow /,  because  she  is  then  near  the  other  node ;  yet, 
in  the  time  that  she  goes  round  the  Karth  to  her  next 
change  according  to  the  order  of  the  letters  XYF 
fF,  the  Earth  ad\'ances  ii'om  E  to  e,  according  to 
the  order  of  the  letters  E  F  G  //,  and  the  hnc  of 
the  nodes  F  E  X  being  carried  nearly  parallel  to  it- 
self, brings  the  point _/^of  the  Moon's  orbit  in  con- 
junction with  the  Sun  at  that  next  change  ;  and  then 
the  Moon  being  aty;  is  loo  high  above  the  ecliptic  to 
cast  licr  shadow  on  the  EartJi :  and  as  the  Earth 
is  still  moving  forward,  the  Moon  at  her  next  op- 
position  will  be  at  g,  too  far  below  the  ecliptic  to 
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go  through  any  pari  of  ihc  Earth's  sliadow ;  for  by 
that  time  llic  point  g  will  be  at  a  considerable  dis- 
tance from  the  Earth  as  seen  from  the  Sun. 

When  the  Earth  comes  to  /'',  the  Moon  in  con- 
junction uitlilhe  Sun  ZisnotatA',  in  a  plane  coinci- 
dent with  the  ecliptic,  but  above  it  at  1  in  the  hi^ 
est  part  oi"  her  orbit ;  and  then  the  point  b  of  her 
shadow  O  goes  far  above  the  Earth  (as  in  Fig.  II. 
''§'  li  ^^"hich  is  an  edge- view  oF  Fig.  1.)  The  Moon  bi  hei 
'"  '  next  opposition  is  not  at  o  (Fig.  I.)  but  at.  /^,  wlicre 
the  Eanh's  shadow  goes  far  above  her  (^  ">  Fi^ 
11.)  In  both  these  cases  the  line  of  tht  nodes  F JO 
(Fig.  I.)  is  about  90  degrees  from  the  Sun,  and  both 
luminaries  are  as  far  as  possible  from  the  limits  o£ 
eclipses. 

When  the  Earth  has  gone  half  round  the  eclip- 
tic  fi-om  £  to  G,  the  line  of  the  nodes  Z'  G  JC  isi 
nearly,  if  not  exactly,  directed  towards  the  Sun  at 
Z;  and  then  Uie  new  Moon  /  casts  Iier  shadow  P. 
on  the  Earth  G  ;  and  the  full  Moon  p  goes  througb 
the  Ejrth's  sliadow  L ;  ulijch  brings  on  edipsq 
again,  as  when  tlic  Earth  was  at  £,  \ 

When  die  Earth  comes  to  //,  the  new  Moon  ^Sg 
not  at  nt  in  a  plane  coincident  with  the  ecliptic  CD't 
but  at  IF  in  her  orbit  below  it :  and  then  her  sha- 
dow Q  (see  Fig.  II.)  goes  far  below  the  Earth, 
the  next  full  she  is  not  at  y  (Fig.  I. )  but  at  1  "in  ha 
orbit  5i  degrees  above  q,  and  at  her  greatest  height 
above  the  ecliptic  C'J):  being  then  a^  far  as  possi- 
ble, at  any  c])position,  from  the  Earth's  shadow  A 
(as  in  Fig.  II.) 

So,  when  the  Earth  is  at  E  and  G,  the  Moon  it 
about  her  nodes  at  new  and  full ;  and  in  licf  gi^tej 
north  and  soiil/i  declination  (or  latitude  as  it  is  genq 
rally  called)  from  the  ecliptic  at  her  quarters:  bu 
when  the  Earth  is  at  For  H,  the  Moon  is  in  be 
greatest  north  and  sou/A  decUmtion  from  die  ccUpti 
at  new  and  full,  and  in  the  nodes  about  herqui 
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318.  The  poiiU  A' where  the  Moon's  orbit  cros."-'^'^^ 
ses  the  ecliptic  is  called  the  ascending  node,  because 

the  Moon  ascends  from  it  above  the  echptic  :  and  "^^^^-^ 
the  opposite  point  of  intersection  /''is  called  Me  (/c- ascendinE 
scendiitg  node,  because  the  Moon  descends  from  it  ""^  ''?■ 
below  the  ecliptic.     When  the  Moon  is  at  J' in  ihtp^es'. 
highest  point  of  her  orbit,  she  is  in  her  greatest       ^  ^^^ 
north  latitude :  and  when  she  is  at  ffin  tlie  lowest  ^nj^gjHi/ 
point  oi  her  orbit,  she  is  in  her  greatest  south  lali-  i»iitude. 
tilde. 

319.  If  the  line  of  the  nodes,  hke  the  Earth's  ax- The  nwles 
is,  were  carried  parallel  to  itself  round   the  Sunij'^^l.'j^" 
there  would  be  just  half  a  jear  Ijetw  eeii  die  conjunc-  motion, 
lions  of  the  Sun  and  nodes.     But  the  nodes  shift 
backward,  or  contrary  to  the  Earth's  annuiil  motion, 

19|  degrees   every  year;   and    therefore  the   same   '^' 
node  conies  round  to  the  Sun  19  days  sooner  every 
year  tlian  on  the  year  before.     Consequently,  from 
the  time  Uiat  the  ascending  node  A*  (when  the  Earth 
is  at  EJ  passes  by  the  Sun,  as  seen  from  the  Earth, 
it  is  only  1 73  days  (not  half  a  year)  till  the  descend- 
ing node  F  passes  by  him. "  Tiierefore,  in  whatever  ^fil^l  „„ 
time  of  tlic  year  we  have  eclipses  of  the  luminaries  the  edips. 
about  cithernode,  wcmay  Ijc  sure  that  iu  l^-^days^^^^"?"^^ 
aftenvard,  we  shall  have  eclipses  about  ibe  other  than  they 
node.     And  w  hen  at  any  time  of  the  year  the  line  of  "";'''*'  *■* 
the  nodes  is  in  the  situation  f^  G  X,  at  the  same  time  Mdea  bad 
next  year  it  will  be  in  the  situation  rGs;  the  as-  "oi  such  ■ 
cending  node  having  gone  backwaitl,  tlial  is,  contra-  ""'"*'"■ 
ry  to  the  order  of  signs,  from   A'  to  s,  and  the  de- 
scending node  from  r  to  r;  eacli  19^  degrees.     At 
this  rate  the  nodes  shill  through  all  the  signs  and  de- 
grees of  die  ecliptic  in  18  years  and  225  days;  in 
which  time  there  would  always  be  a  regular  period 
of  eclipses,  if  any  complete  number    of  lunations 
were  linished  without  a  traction.      But  this  never 
happens ;    for  if  both  the  Siui  and  Moon  shoiUd 
start  from  a  line  of  conjunction  with  citlier  of  the 
nodes  in  any  point  of  the  ecliptic,  the  Sun  would 
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perform  1 8  annual  revolutions  and  222  degrees  over 
and  above,  and  the  Moon  230  lunations  and  85dei 
grees  ol'  the  23 1  st,  by  the  time  the  node  came  rouni 
to  tlie  same  point  of  the  ecliptic  again;  so  that  the 
Sun  would  tlien  be  138  degrees  from  the  node,  and 
the  Moon  85  degrees  from  the  Sun. 
I  320.  Bui,  in  223  mean  lunations,  after  the  Sun, 
Moon,  and  nodes,  have  been  once  in  a  line  of  con- 
jimction,  they  return  so  nearly  to  the  same  state 
again,  as  that  the  same  node,  which  was  in  conjunc- 
tion with  the  Sun  and  Moon  at  the  beginning  of  the 
first  of  these  lunations,  will  be  within  28'  12"  of  i 
degree  of  a  line  of  conjunction  with  the  Sun  and 
Moon  again,  when  the  last  of  these  lunAtions  is 
completed.  And  therefore,  in  that  time,  there  will 
be  a  regular  period  of  eclipses,  or  return  of  ihc 
same  eclipse  for  many  ages. — In  this  ix:rtod,  (which 
was  first  discovered  by  the  ChalileansJ  there  are  18 
^w/w« j-earsll  days  7 hours 43 minutes 20 seconds, 
tvhen  the  last  day  of  FcSmarr/  in  leap-years  is  four 
timc3  included  :  but  when  it  is  five  times  included, 
the  period  consists  of  only  18  years  10  days  7  hours 
43  minutes  20  seconds.  Consequently,  if  to  the 
mean  time  of  any  eclipse,  either  of  the  Sun  or 
Moon,  you  add  18  J'lt/itm  years  1 1  days  7  hotirs  45: 
minutes  20  seconds,  when  die  last  day  of  J^f6nta- 
rif  in  leaji-years  comes  in  four  times,  or  a  day  less 
when  it  comes  in  five  limes,  you  will  have  the  mean 
time  of  the  return  of  the  same  eclipse. 

But  the  falling-back  of  the  line  of  conjunctiorB 
or  oppositions  of  the  Sun  and  Moon  28'  12"  With 
respect  to  the  line  of  the  nodes  in  every  period,  wiil 
wear  it  out  in  process  of  time  ;  and  after  that,  it  wffl 
not  rctum  again  in  less  than  12492  years. — These 
eclipses  of  the  Sun,  which  happen  about  the  ascend- 
ing node,  and  begin  to  come  in  at  the  nortli  pole 
of  the  Earth,  will  go  a  little  southerly  at  each  re- 
turn, till  they  go  quite  off  the  Egrth  at  the  south 
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pole;  and  tliose  wliich  happen  about  the  descending 
node,  and  begin  to  con>e  ii)  ^t  the  spilth  pole  c^  the 
Earth,  will  go  a  littje  northerly  at  eaeh  return,  till 
at  last  they  quite  leave  the  Earth  at  the  north  poJe.. 

To  exemplify  tlus  matter^  we  shall  first  consider 
the  Sun's  eclipse,  Mardi  2 1st  old  stile  (April  1st 
new  stile)  A.  !)•  1 764,  according  to  its  mean  revcdti- 
tions,  without  equa^g  the  times,  or  the  Sun's  dis- 
tance from  the  node ;  and  then  acccH^ding  to  its  tmc 
equated  times. 

This  eclipse  fell  in  the  open  s^ace  at  each  returOv 
quite  clear  of  the  Earthy  from  the  creatioix  till 
A.  p.  1295,  June  13th  c*d  stile,  at  12  b.  52  nu  59 
sec,  post  meridiem^  when  the  Moon's  shadow  first 
touched  the  Earth  at  the  north  pole ;  the  Sun  being 
then  17°  48'  27"  from  the  ascending  node. — In 
^ach  period  since  that  time,  the  Sun  has  come  2W 
12"  nearer  and  nearer  the  same  node,^  and  the 
Moon's  shadow  has  therefore  gone  more  and  more 
southerly. — ^In  the  year  1962,  July  ISthold  stile,  at 
10  h.  36  m.  21  sec.  j&.  m.  when  the  sameeclii)se  will 
have  returned  38  times,  the  Sun  will  be  oily  24* 
45"  from  the  ascending  node,  and  the  centre  of  the 
Moon's  shadow  will  fall  a  little  northward  of  the 
Earth's  centre. — At  the  end  of  the  next  following 
period,  A.  D.  1980,  July  28th  old  stile,  ^  18  h.  • 
19  m^  41  sec.  p.  m.  the  Sun  will  have  receded  back 
3'  27"  from  the  ascending  node,  and  the  Moon  will 
have  a  very  small  degree  of  southern  latitude,  which 
will  cause  the  centre  of  her  sliadow  to  pass  a  very 
small  matter  south  of  the  Earth's  centre.— After 
which,  in  every  following  period,  the  Sun  will  be 
28'  12"  farther  back  from  the  ascending  node  than 
in  the  period  last  before ;  and  the  Moon's  shadow 
will  go  still  farther  and  farther  southward,  un- 
ta  September  12th  old  stile,  at  23  h.  46  m.  22  sec. 
p.  m.  A.  D^2665;  when  the  eclipse  will  have  com- 
pleted its  77tli  periodical  return,  and  will  go  quite 
off  the  Earth  at  the  south  pole  (the  Sun  being  then 
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17*  55'  22"  back  from  the  node) ;  and  it  cannot 
come  in  from  the  nortli  pole,  soas  to  begin  the  same 
course  over  again,  in  less  than  12492  years  after- 
ward. — And  such  will  be  the  case  of  every  other 
eclipse  of  the  Sun  :  for,  as  there  is  about  1 8  degrees 
on  each  side  of  the  node  within  which  there  is  a 
possibility  of  eclipses,  their  whole  revolution  goes 
through  36  degrees  about  that  node,  \vhich,  taken 
from  360  degrees,  leaves  remaining  324  degrees  for 
the  eclipses  to  travel  in  expansum.  And  as  these 
36  degrees  are  not  gone  through  in  less  than  77  pe- 
riods, which  take  up  1388  years,  the  remaining  324 
degrees  cannot  be  so  gone  through  in  lessthan  1 2492 
years.     For  as  36  is  to  1388,  'so  is  324  to  12492. 

321.  In  order  to  shew  both  the  mean  and  true 
times  of  the  returns  of  this  eclipse,  tlirough  all  its 
periods,  together  with  the  mean  anoir*lies  of  llic 
Sun  and  Moon  at  each  return,  and  the  mean  and 
true  distances  of  the  Sun  Irom  the  Moon's  ascend- 
ing node,  and  the  Moon's  true  latitude  at  the  true 
time  of  each  new  Moon,  1  have  calculated  the  fol- 
lowing tables  for  the  sake  of  those  who  may  choose 
to  project  this  eclipse  at  any  of  its  returns,  accord- 
ing to  the  rules  laid  down  in  the  XVlh  chapter;  and 
have  by  that  means  taken  by  much  the  greatest  pah 
of  the  trouble  off  their  hands. — All  the  limes  arc  ac- 
cording to  die  old  stile,  for  the  sake  of  a  regularity 
which,  with  respect  to  the  nominal  daj_s  of  the 
months,  does  not  take  place  in  the  new :  but  by  add- 
ing the  days  difference  of  stile ;  they  are  reduced  to 
the  times  which  agree  with  the  new  stile. 

According  to  the  mean  (or  supposed)  equable  mo-' 
dons  of  the  Sun,  Moon,  and  nodes,  the  Moon'S' 
shadow  in  this  eclipse  would  have  first  touched  the; 
Earth  at  the  north  pole,  on  the  13th  of  June,  A.  D. 
1295,  at  12  h.  52  m.  59  sec.  jxist  noon  on  the  meri- 
dian oiLondon;  and  would  quite  leave  the  Earth  at  the 
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south  pole,  on  the  12th  of  September^  A.  D.  2665, 
at  23  h.  46  m.  22  sec.  past  noon,  at  die  completion 
of  its  77th  period ;  as  shewn  by  the  first  and  second 
tables. 

But,  on  account  of  the  true  or  uneauable  motions 
of  the  Sun,  Moon,  and  nodes,  the  first  coming  in 
of  this  eclipse,  at  Ae  north  pole  of  the  Earth,  was 
on  the  24th  of  JunCj  A.  D.  1313,  at  3  h.  57  m.  3 
sec.  past  noon;  and  it  will  finally  leave  the  earth  at 
the  south  pole,  on  the  31st  oiJtdy^  A.  D.  2593,  at 
10  h.  25  m.  31  sec.  past  noon,  at  the  completion  of 
its  72d  period ;  as  shewn  by  the  third  and  fourth  ta- 
bles.— So  that  the  true  motions  do  not  only  alter 
the  true  times  from  the  mean,  but  they  also  cut  off 
five  periods  from  those  of  the  mtan  returns  of  this 
eclipse. 
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^  TABLE  I.     Tht  mean  time  o/A'ev)  Moortj  with  the  mean.lnomaiiea  ^the 
S       Sun  ondMoon^  and  the  Sun*9  mean  Distance  from  the  Moon*9  Amending 
JMLe^at  the  mean  time  qfeach  fleriodical  Return  of  the  Sun*a  Eciip9e^\ 
March  2l8t9  l764,yrom  its  Jlrat  coming  ufion  the  Earth  since  the  ereo"^ 
ationy  till  it /alia  right  against  the  Earth's  centre^  according  to  the  Old\ 
Style. 
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TABLE  II.  The  mean  time  0/ JVVw  Moony  wth  the  mean  AnomaHen  ojlhe^ 
Sun  ami  Moon^  and  the  Sun's  mean  Distance  from  the  Moon's  Mcend^'s 
ing  J^odey  at  the  mean  Time  of  each  fieriodical  Return  of  the  Sun's  ^ 
EcU/ise^  March  2  U/,  1764, /rom  the  mean  Titne  of  its  faltinff  right  < 
against  the  Earth's  Centre^  till  it  finally  leaves  the  Earth  according  to  S 
the  Julian,  or  Old  Style.  ^       S 
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9 
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20  50  50 
17  59  27 


15  8   4 
12  16  41 
9  25  18 
6  33  56 
3  42  33 
0  51  10 
8  27  59  47 
8  25  8  24j 
8  22  17   1 
8  19  25  S8 
8  16  31  15 
8  13  42  52 
8  10  51  29 
8  8  0   6 
43K8  5  8  43 


II  27  35  30  S 

11  27  7  18  s 

11  26  39  5  S 

11  26  10  53  ^ 

11  25  42  40  S 

11  25  14  28  ^ 

11  24  46  15  S 

11  34  18  3  ^ 

11  23  49  50  S 

11  23  21  as  ^ 
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6  25  9  21 
6  22  17  58 


2 
39 
16 
5Z 


II  18  11  20 

11  17  43  8 

11  17  14  54 

11  16  46  43 

11  16  18  31 

11  15  50  18 

11  15  22  6 

11  14  53  54 

11  14  25  41 

11  13  57  28 

11  13  29  16 

11  13  1  3 


6  19  26  35111  12  32  51 
6  16  35  12  11  12  4  38 
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1           afeJ^r^^,/^^J■^,A^J■^./^,#^^^JVrf■.r^.*^r,/^/■^J■J^*^^^r^\^J■./^*■./^^J■.r^      -^B 

1          S  TABLE  III.  Thf  (rut  Tmf  of  Mta  Moon,  VHth  the  Sun*,  true  , 

1           ^      DUianee/rom  the  Moon's  Mccnding  JVodc,  a/id  the  Moon'i  true 

1            S       Latitude,  at  the  true  Time  of  each  fieriodieat  Keturn  of  the  Sun't  [ 

1            ?       £cti/iiie,  March  2lj/,  Old  Style,  A..  D.  1764,Aom  Ifir  Time  of 

1           S      ittjiril  coiMif!  u/1071  the  Earth  since  the   Creation   tilliifatU 
2      rif(hl  a^intl  the  Earth's  Centre. 

'\'x-s 

true  Time  ol 

iuii"sirueDist 

Moon's  true  Liiti. 

sir 

New  Moon. 

ram  the  Node, 

tudc  North. 

Month.D.  H.M.  S. 

s.     0      '     " 

0.    '       "     Nor. 

X'^ 

\2'lb 

June    13   12  5*  32 

0  IB  40  54 

1    33   45   N.   A. 

\  1 

1313 

lune  24     5  57     3 

"0    17   30   i2 

1    29  84  N.  A. 

• 

1331 

luly       5    10  42      H 

0  ir.  29  3s 

1    25  20  N.  A. 

1349 

lul>      13    17    14   li 

0    19   34    18 

1  20  45  N.  A,; 
I    16  39  N.  A. 

1367 

July    26  33  49  24 

0   14  46      8 

\^ 

1385 

Aug.     6     6  41    IT 

0   13   59    43 

3    12  43  N,  A.  ; 

1403 

Aug.  17  13  33   IH 

0   13    16   44 

I     9     3  N.  A. 

H 

1-121 

Aug   27  20  30  17 

0  12  ar    4 

I      S  42  N.  A. : 

1139 

Sept.     S     3  51   46 

0   12      1    54 

1     2  41   N.  A. 

5  » 

145? 

Sept    18    10  23    II 

Oil    30   27 

0   58  53  N.  A. 

$u 

1475 

ScpL  29    17   57      7 

Oil      3   56 

0  37  43  N.  A. 

1493 

Oct.     16      1   44     3 

0   in   41    55 

0    55    49    N.    A. 

i  '- 

1511 

Oct.    21      9  39   53 

0   10   23    11 

0   54   28   N.   A. 

■        5  13 

1529 

Oct.    SI    17     9    18 

0   10    II    27 

0   53    12   N.   A. 

^.14 
S  15 

1547 

Nov.    12     0  51  23 

0    10      1    10 

0    52    19   N.   A. 

IS65 

FIov.   22     e  54   56 

0     9   52   49 

0   51    46   N.   A. 

2  16 

1383 

Dec.      3    16  48    17 

0     9   48      4 

0  51  11  N.  A. 

>17 

1601 

Dec.      4     0  51      5 

U     9   43   42 

0  SO  49  N.  A. 

^  18 

1619 

Dec.    25     8  54  59 

0     9   40   23 

0  50  31   N.  A. 

$19 

1638 

Jiui.       4   16  55     1 

0     9   34   57 

0  50     3  N.  A. 

5  30 

1636 

Jail.     16     0  S4  -tl 

0     9   39   24 

0   49   5?   N.   A. 

iai 

i6r4 

Jan.     2(i     8  /lA   24 

0     9    ta  44 

0  48  44  N.  A. 

^23 

1691 

l-"eb.      6   16  36    U8 

0     9      B   SS 

0  47  49  N.  A. 

1710 

I'eb.    17     0     8    37 

0     y    54   3U 

0   46   44   N.   A. 

.728 

Kcb.   as     r  43    40 

0     a  34  S3 

0  44  SJ  N.  A. 

526 
.S38 

1746 

Mar.   10  Is  U   33 

0     8    10  38 

0    42    46    N.    A. 

1764 

Mar.  20  22  30  26 

0     7   42    14 

0  40   18  N.  A. 

1782 

Apr.     1     5  37    4 

0     7      9   37 

0  37  28  N.  A. 

IBOti 

Apr.    n   12  36  38 

0     6  35  30 

0  34  -TI    N.  A. 

tfo 

lets 

Apr.  1-i  19  27  34 

0      S   SI   4B 

0  30  -U  N.  A. 

1836 

May      3     2  la     7 

0     5      5      0 

0,  2S  40  N.  A. 

??i 

16i4 

May    14     tl  30  4(J 

0     1    19   4S 

0  22  4J  N.  A. 

1873 

May    24  is  23   IS 

0     3  25      3 

0    18      I   N.  A. 

533 

189L 

June     4  1:3     8     C 

0     2    35      5 

0   13"  34  N.  A. 

\  3<     llWF 

June  IJ     4  38  23 

0      1    41    43 

0    8  S4  N.  A. 

^35    Ii9;e 

June  26  11    13     3 

0     0   47    3K 

0     4   10  N.  A. 

S      On  ttccduni  ot  Uic  cliHi-Tenccs  bctvccti  ibc  mean  atiil  tinjc  new 

!j  Moons,  ami  between  the  Sim's  muan  anti  [rue  distances  from  the  S       ^H 

>  node,  the  Mooii's  shadow  falls  even  witli  the  Eartli's  cciiii-c  two  \       ^1 

<,  periotls  sooner  in  this  tubk  th;in  in  tiic  Itrsl.                                    s      ^H 

^                     .                        .J 

^^^^ 
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S  TABLE  IV.  The  true  Time  qf  JSTeh  Moon^  with  the  Sun's  true  ^ 
%      Distance  from  the  Moon*s  Mcending  Mdry  find  the  Moon*8  true  *- 
^      latitude  at  each  periodical  Return  of  the  Suti's  Eciijise^  March 
S      2U/,  Old  StyiCy  A.  D.  I764y  from  its  falling  right  against  the 
5      Earth's  centre^  t(ll  it  finally  learves  the  Earth,  ^ 


Sun's  trueDist. 
from  the  Node. 


Moon's  true  Lati-  S 
tude  South. 


South.  ^ 


1^Y  the  true  motions  of  the  Sui^  Moon,  and  nodes,  this  eclipse  S 
^  f^oes  off  the  Earth  four  periods  sooiitr  than  it  would  have  done  by  ^ 


S  mean  equable  motions 


.« 


ropses. 

From  ■'  To  illustrate  this  a  little  farther,  we  shall  exa-  \ 

SmIt^i'j  "  nii"t=some  of  tlie  most  remarkable circunibtaiicts 

disagrn-    "  of  thc  rclunis  of  the  eclipse,    W'hich   happened 

^■lon      "Juli/IA;  1748,  about  noon.     This  eclipse,  after 

printed' at "  traversing  the  voids  of  space  irom  the  creation, 

Landta,     "  at  last  btgaH  to  cntCT  tlic  Terra  AustraJis  intogmta, 

(f^vB       "  -iLMJUt  8b  years  after  die  Conquest,  which  was  die 

inUic)*»r"  last  of  King  SiEPJrEN's  reign;  every  Chaldean* 

*''*^        "  period  it  has  crept  more  northerly,  but  \ias  still 

"  invisible  in  Britain  before  thc  jcar  lG22i  when 

*'  on  the  30th  of  April  it  began  to  touch  thc  south 

*'  parts  of  England  3.ho\\\  2  in  the  afternoon  its  cen- 

"  tral  appcaraiice  rising  in  the  American  Soutli  Seas, 

"  and  traversing  Peru  and  thc  Amazon^  country, 

"  tlirough  the  Atlantic  ocean  into ////ir«,  and  setting 

"  in  die  Ethiopian  continent,  not  far  from  tlie  begin- 

"  ning  of  the  Red  Sea. 

**  Its  next  visible  period  was  after  three  Chaldean 
"  revolutions,  in  1676,  on  thc  Grst  oi  Juncy  rising 
"  central  iii  the  Atlantic  ocean,  passing  us  about  9 
"  in  the  morning,  with  ibur  f  digits  eclipsed  on  tlw 
"  under  luiib;  and  setting  in  Uie  gulph  of  Cvclixn- 
" china,  inthe East- Jndirs. 

"  It  being  now  near  tlie  solstice,  this  eclipse  wasj 
**  visible  the  very  nest  return  in  1694,  in  thc  evcn-l 
"  ing;  and  in  two  periods  more,  which  was  in  1730,1 
"  on  the  4th  of  Jufy,  was  seai  above  hall'cclipsedl 
"  just  after  sun-rise,  and  observed  both  at  hVittem.\ 
"  burg  in  Germamj,  and  Pc/ii}i  in  China,  soon  af-l 
.*'  ter  which  it  went  off. 

"  Eighteen  years  more  afforded  us  the  eclipse 
*'  which  fell  on  the  14th  of  July,  1748. 

'*The  next  visible  return  will  happen  an  July  Q5, 
"  J76G,  in  the  evening,  about  four  digits  eclipsed; 

'  The  above  period  of  1 S  j'ears,  II  daj-a,  7  hours,  43  minutes,  20 

sccandi.  ivftD  found  out  by  the  Chaldiani,  itiid  by  llictn  called  Seavt. 

\  A  digit  it  Ilie  twcUtli  part  of  tliE  di^inietcr  of  the  Sud,  or  Moco. 
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after  two   periods 


*'  1802,  early  in  ihs 


more,  on  August  16lh, 
morning,  about  five  digits,  the 
"  centrecomiiig  from  the  nortli  frozen  continent,  by 
"  the  capes  of  Nunvay,  through  Tartary,  Chijia 
"  and/c/;art,  to  the  Ladrone  isl^ds,  wliere  it  goes 
'off. 

"  Again,  in  1820,  August  26,  betwixt  one  and 
'  tivo,  there  xvill  be  anotlier  great  eclipse  at  London, 
"  about  10  digits;  but  happening  so  near  the  equi- 
"  nox,  the  centre  will  leave  every  part  of  Britain  to 
'*  the  west,  and  enter  Gennaiit/  at  Embden,  pasiUiig 
"  by  Fenice,  J^'aple$,  Gra?id  Cairo,  and  set  in  the 
"  gulf  of  5(usora  near  that  cily. 

"  It  will  be  iM>  more  visible  till  1874,  when  five 
'*  d^its  will  be  obscured  (the  centre  being  now 
"  about  to  leave  the  Earth)  on  September  28.  In 
''  1892,  the  Sun  will  go  down  eclipsed  at  Londori, 
'and  again  in  1928  tlie  passage  of  the  centre  will  be 
'  in  the  expansion,  thotigli  there  \vill  be  two  digits 
"  eclipsed  at  London,  October  the  3l5t  of  that  year; 
' '  and  about  the  year  2090  the  «  hole  penumbra  will 
"  be  worn  off;  whence  no  more  returns  of  this  eclipse 
"  c:vn  Iiappen  till  after  a  revolution  of  ten  thousantl 
"  years. 

"  From  these  remarks  on  the  entire  revolution  of 
"  this  eclipse,  we  may  gather  that  a  thousand  years 
"  more  or  less,  {for  there  are  some  irregularities  that 
"  may  protract  or  lengthen  this  |>criod  100  years), 
"  complete  tile  whole  terrestrial  phenomena  of  any 
"  single  eclipse:  and  since  20  periods  of  54  years 
"  eacl),  and  about  S3  days,  comprehend  the  entire 
"  extent  of  their  revolution,  it  is  evident  tluit  the 
"  times  of  tlie  returns  will  pass  through  a  circuit  of 
"  one  year  and  ten  months,  c\ery  Chiddcan  peitod 
"  being  ten  or  eleven  days  later,  and  of  the  cqua- 
"  bic  appearances  about  32  or  33  days.  Thus, 
"  though  this  eclipse  happens  about  the  middle  of 
"  Juhj,  no  other  subsequent  eclipse  of  this  period 
"  will  return  to  the  middle  of  the  sarac  month  again ; 
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'*.  but  wear,  constantl}'  each  period  10  or  11  da)S 
"  forward;  and  at  last  appear  in  winter,  but  then  it 
"begins  to  cease  from  aftecting  us. 

*'  Another  conclusion  from  this  revolution  may 
'*  betlravim,  that  there  will  seldom  be  any  more  than  I 
"  two  great  eclipses  of  the  Sun  in  the  interval  of 
"  this  period,  and  these  follow  sometimes  next  return, 
'*  and  often  at  greater  distances.  That  of  1715  re- 
"  turned  again  in  1733  vcr)'  great ;  but  this  present 
"  eclipse  will  not  be  great  till  the  arrival  of  1820, 
"  which  is  a  revolution  of  four  Chaldean  periods; 
"so  that  tlie  irregularities  of  their  circuits  must 
"  undergo  new  computations  to  assign  them  ex- 
"actly.  .    ' 

"  Nor  do  alt  eclipses  come  in  at  tlie  south  pole: 
"  that  depends  altogether  on  the  position  of  the  lu- 
*'  nar  nodes,  which  will  bring  in  as  many  from  the 
"  expaiisum  one  way  as  the  other :  and  such  cclips- 
"  es  will  wearmore  southerly  by  degrees ;  contrary 
"  to  what  happens  in  the  present  case. 
"    The  eclipse,  for  cKample,  of  1736,  in  Septem- 
"  ber,  had  its  centre  in  the  e.rpa/mtm,  and  set  about 
"  the  middle  of  its  obscurity  in  ^«;flm;  itwill^vear  i 
•■  in  at  the  north  pole,  and  in  the  year  2600,    or  j 
"  thereabout,  go  off  in  the  expamum  on  the  aoulh  ] 
"  side  of  the  Karth. 

"  The  eclipses  therefore  which  happened  about  I 
"  die  creation  are  little  more  than  halfway  yet  of  I 
*' their  ethereal  circuit;  and  will  be  4000  years  bc- 
"  lore  diey  enter  the  liarth  any  more.    This  grand  I 
"revolution  seems  to  have  been  entirely  unknown  , 
"  to  the  ancients. 
pre'licHi'u-      ^^®-  "^'  '^  particularly  to  be  noted,  that  eclipses 
bieB«^co"  wliich  have  happened  many  centuries  ago,  will  not 
ancient'    "  ^  fc""^  by  our  present  tables  to  agree  txactiy  widi 
<>bscrra-    "  ancicnt  obsenations,  by  reasonof  the  great  anoma- 
imn.         <t  ligg  in  the  lunar  motions;  which  appears  an  incon- 
"  teatible  demonstratiion  of  the  non-ctemity  of  the 
"  universe.      For  it  seems  confirmed   by  undent- 
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^  able  proofs,  that  the  Moon  now  finishes  her  period 

*  in  less  lime  than  formerly,  and  will  continue  by 

*  the  centripetal  law  to  approach  nearer  and  nearer 
'  the  Earth,  and  to  go  sooner  and  sooner  round  it : 

*  nor  will  the  centrifugal  power  be  sufficient  to  com- 

*  pensate  the  different  gravitations  of  such  an  as- 

*  semblage  of  bodies  as  constitute  the  solar  system, 

*  which  would  come  to  ruin  of  itself,  without  some 
new  regulation  and  adjustment  of  their  original 
motions*. 

323.  **  We  are  credibly  informed  from  the  testi- thale«'s 
"  mony  of  the  ancients,  that  there  \\'as  a  total  eclipse  *^^*P*** 

•  ITiere  are  two  ancient  eclipses  of  the  Moon,  recoixled  by  /*/o- 
lany  from  Hifiparchusy  iihich  afford  an  undeniiible  proof  of  the 
Moon's  aca:ltrration.  The  Hrst  of  these  was  obser\'ed  at  Babylon^ 
December  the  22(1,  in  the  year  before  Christ  383:  when  the  Moon 
began  to  Ix;  eclipsed  itb'  ut  half  an  hour  before  the  Sun  rose,  and  the 
eclipse  was  not  over  before  tlie  Moon  set :  but  by  most  of  our  astro- 
nomical tables  the  Moon  was  set  at  Babylon  half  an  hour  before  the 
eclipse  began ;  in  which  case,  there  could  have  been  no  |)ossiljility  of 
observing  it.  The  second  ectipse  was  observed  at  AUxandiia^  Sefi- 
tember  the  22d,  the  year  before  Christ  201 ;  where  the  Mix»  rose 
so  much  eclipsed,  that  the  eclipse  must  have  begun  about  half  an 
hour  before  slie  rose ;  whereas,  by  roost  of  our  tal>les,  the  beginning 
of  this  eclipse  was  not  till  about  ten  minutes  after  the  Moon  rose  at 
Jilexandria.  Had  these  eclipses  begun  and  ended  while  the  Sun  was 
below  the  horizon,  we  might  have  imaghied,  that  as  the  ancients  had 
DO  certain  way  of  measuriog  time,  they  might  have  been  so  &r  mi»> 
taken  in  the  hours,  that  we  could  not  have  laid  any  stress  on  the  ac- 
counts given  by  them.  But,  as  m  the  first  eclipse  the  Moon  was  set, 
and  consequently  the  Sun  was  risen,  befine  it  wtis  over ;  and  in  the 
second  eclipse  tlie  Sun  was  set  and  the  Moon  not  risen,  till  anme  time 
after  it  began ;  these  ai*e  such  circumstances  as  the  observers  could 
not  possibly  be  mistaken  in.  Mr.  Struykf  in  the  fi)llawing  catal()giie| 
notwithstanding  the  express  wonls  of  Ptolemy^  puts  down  these 
two  eclipses  as  observed  at  Athena:  where  the)-  mi^t  have  been 
seen  as  above,  without  any  acceleratkjn  of  the  Moon's  motfon: 
Aikem  being  20  degrees  west  of  Babylon^  and  7  degrees  trest  cfT 
Akxandria. 

Nn 


% 
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?'  of  the  Sun  predicted  by  Th  ales  to  happen  in  tlic 
**  ft)mth  ycnr  of  the  48th*  OlijivjAad^  cither  at  Sar- 
"  dis  or  J\  filet  us  in  Asia^  where  Thales  then  re- 
"  sided,  ^rhat  year  corresponds  to  the  585th  year 
'*  before  Christ;  ^\'hen  accordingly  iheie  happened 
^'  a  very  sifjnal  eclipse  of  the  Sun,  on  the  28th  of 
*'  il/r///,  answei'ing  to  ilie  ]:resent  10th  of  that  monthf , 
*'  central  through  Xorih  America^  the  south  parts  of 

•  luich  Ohjmfiiad  began  at  the  time  of  ftiU  Moan  next  after 
the  summer-solstice,  and  lasted  four  years,  ^hich  were  of  une- 
qual lengths^  IxC'iuse  the  time  of  full  Moon  cUflers  11  days  every 
ycai' :  so  tliat  tliey  might  sometimes  U-gin  on  the  next  day  after  the 
solstice,  and  at  other  times  nut  till  four  weeks  after  it.  The  first 
Olyw/tmd  be^an  in  the  year  of  the  Julian  pcriixl  3938,  which  wai 
776  years  Ixff'irc  the  first  year  of  Ciikist,  or  775  i)efnre  the  > car  of 
hisi)irth;  and  the  last  Olijwfnad^  which  was  the  293d,  began  ^.  D» 
r93.  At  the  expiration  of  each  Olyfti/iiad^  the  Olymfiic  Gmmth  were 
celtbrated  in  th.'  Elvan  fields,  near  the  r\\tv ^Ififieu^  in  the  Ftlofion'~ 
nevus  (now  Morcd)  in  hon«:ur  of  Jupiter  OLViMpcs.  See  Strau- 
c  2 1 1  u  s ' s  Brt  viariuni  Chri^iiologicum ,  p*  247 — 25 1  • 

t  The  reader  may  probably  find  it  difiicult  to  understand  why  Mr. 
Smith  should  nckon  this  ecli])se  to  have  been  in  tiie  4th  year  of  the 
48ih  0/vm/;/W,  as  it  was  nnly  in  ihe  end  of  the  thiid  \car:  and  al- 
so why  the  'ZH\\\  of  lilaij^  in  the  SSith  year  Uf  >rc  Christ,  should 
answer  to  the  prjsrnt  lO.h  of  that  monMi.  Hut  we  hoj/c  the  follow* 
uii;  explanaUon  will  reriiove  the^^e  difficulties. 

'llie  nv»ntli  of -1/?2//(wUen  the  Sun  was  i-clipsed)  in  the  5.^5th  year 
Ixfoie  tike  fir.-t  }e<ir  of  CHKibT,  uhich  was  a  leap-) tar,  fell  in  the 
latter  end  of  ihe  third  a  ear  of  ilie  -iMh  C7"/#.;.'W;  mkI  the  fourth 
year  t'f  that  C\jni/-i'.id\y<^\\\ii\  the  sunm.tr-s  Isiiie  iMlIcwiiij^ :  but 
pci!i;.ps  Mr. Smith  l.e};iiiS  llie  yc-.r  f:f  the  Oium/.iud  li-oni  JuLiiary^ 
in  order  to  m  ike  ilniii  c»  iirs|  t)v.d  moix*  nadiiy  with  JuC'un  jears; 
and  so  reckons  the  niiMith  of  Muy^  uhen  the  eclipi>e  hapi>ened,  to  be 
in  the  fourth  year  cf  that  Olrw/iiad. 

The  plice  or  li:ij;i.ude  o:  the  Sun  at  thtt  time  was  H  '^"  47  17'^ 
to  which  hiime  place  the  Sun  returned  (after  2.>U0  years,)  xnz.  A,  D. 
1716,  on  May  9**  ;'>i«  C^  r;fitr  umih  :  sj  ih:it,  niili  ies])cct  to  the  Sun's 
place,  the  9di  of  M.rjy  171 G,  :ii  swen-  t(j  the  28th  oi*  May  in  the  585th 
year  before  the  first  year  of  Christ  \  that  is,  the  Sua  had  the  same 
longitude  ou  both  tliobe  days. 
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France^  Itahj^  &c.  3s  far  as  AthcnSy  or  the  isles 


cc 


**  in  ihc^^gcan  Sea;  which  is  the  furthest  that  even 
**  the  CaroHue  tables  carry  it;  ar.d  consequently 
"  make  it  itnlsible  to  any  part  of  Asia^  in  the  total 
"  character;  thougli  I  have  good  reasons  to  believe 
•*  that  it  extended  to  liuhylofi^  and  v.cnt  down  ccn- 
"  tral  over  that  city.  Wc  arc  not  however  to  inia- 
ne,  that  it  was  set  before  it  passed  Sardis  and  the 
iatic  towns,  where  the  predictor  lived ;  because 
invisible  eclipse  could  have  been  of  no  service 
cmonstratc  his;ibilit)'in  astronomical  sciences 
.s  countrymen,  as  it  could  give  no  proof  of  its 
tv. 
4.  "  For  a  further  illustration,  THUcvDiDEsTurcT- 
s,  that  a  solar  eclipse  happened  on  a  sum-  eci?p" ' 
Oner's  day  in  the  afternoon,  in  the  first  year  of  the 
Peloponnesicm  war,  so  great  that  the  stars  appcar- 
••  ed.  KiioDius  was  victor  in  the  Olympic  games 
"  the  fourth  year  of  the  said  war,  being  also  the 
"  fourth  of  the  87th  Olympiad,  on  the  ':28th  year 
•*  before  CiittisT.  So  that  the  eclipse  must  have 
"  happened  hi  the  431st  year  before  Christ:  and 
"  by  computation  it  appears,  that  on  the  3d  o?Au- 
"  gust  there  was  a  signal  eclipse  whicli  w  ould  have 
"  passed  over  AtfienSy  central  about  6  in  the  even- 
**  ing,  but  which  our  present  tables  bring  no  farther 
"  than  tlie  ancient  Syrtes  on  tht  AJricmi  coast,  above 
**  400  miles  from  Athens;  which  suffering  in  that 
"  case  but  9  di":its,  could  bv  no  means  exhibit  the 
"  remarkable  darkness  recited  by  this  historian  ;  the 
"  centre  therefore  seems  to  have  i)assed.''////^7/^  about 
"  6  in  the  evening,  and  probably  might  go  down 
"  about  Jerusalem,  or  near  it,  contrary  to  tlic  con- 
"  struction  of  the  present  tables.  I  have  only  ob- 
**  viated  these  things  by  way  of  caution  to  the  prc- 
"  sent  astronomers,N  in  re-computing  ancient  eclip- 
"  ses;  and  refer  them  to  examine  the  eclipse  of  AV- 
**  cm,  so  fatal  to  the  Athenian  fleet*^  that  which 

•  Before  Christ  413,  ^uf^tifit  cr. 
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"  overthrew  the  Macedonian  army*,  £sV."     So  far  J 
Mi-.  Smith. 

I-     325.  Id  any  year,  the  number  of  eclipses  of  both  J 
luminaries  cannot  be  less  than  two,  nor  mure  ihaal 
seven ;  the  most  usual  number  is  four,  and  jl  isvcryJ 
rare  to  have  more  than  six.    For  the  Sun  i>asbes  bya 
both  the  nodes  but  once  a  )ear,  unless  he  |»s:>es  byj 
one  of  ihem  in  the  beginning  of  the  year  ;  and  %t  licnfl 
he  does,  he  will  pass  by  the  same  node  again  a  linlc  bc-M 
fore  the  year  be  finished ;  because  as  these  points  j 
move   lyj  degrees  backward  e\erj'  jcar,  tlie  Sufti 
Vill  come  to  either  of  ihcm  1 73  days  after  the  otl 
i  319.    And  wheneitlier  node  is  iiilhin  17  dcgi 
of  the  Sun  al  the  time  of  new  Moon,  the  Sim  i 
be  eclipsed.      At  iIk'    sub.scqiient  opposition,  the 
Moon  M'ill  be  eclipsed  in  the  other  node ;  and  come 
round  to  ihe  next  corjunction  ag:iin  ere  ihe  former 
node  be  17  degrees  past  the  Sun,  and  ^vill  therclbre 
eclipse  him  again.     When  Oircc  eclipses  iiill  about 
cither  node,  the  like  number  generally  falls  about 
the  opposite ;  as  the  Sun  comes  to  it  in  173  days  afj 
terwurd;  and  six , lunations  contain  but  four  dayd^ 
more.     Thus  there  tray  be  two  eclipses  of  the  Sun 
and  one  of  the  Moon  about  each  of  her  nodes.  Buf 
when  the  Moon  dianges  in  t  ither  of  the  nodes,  shq 
cannot  be  near  enough  ilie  other  node  at  the  next  fulB 
to  be  eclipsed;  and  in  six  lunar  months  afterwarcj 
she  ivill  chimge  near  tlie  other  node  :  in  these  cast 
there  can  be  but  two  eclipses  in  a  year,  and  they  wiil 
be  both  of  the  Sun. 

326.  A  lotigLT  period  than  the  nbovc  mentionedj 
4  320,  for  comparing  and  examining  eclipses  M'hicfi^ 
hapjwned  at  long  intervals  of  time,  is  557  years  21 
days  18  hours  30  minutes  11  seconds,  in  which 
lime  there  arc  6890  mean  lunations:  and  the  Sim 
and  node  meet  again  so  nearly  as  to  be  but  1 1  se- 
conds distant ;  but  then  it  is  not  the  same  eclipse  tha 
returns,  as  in  the  sliorter  period  above-mentioned. 

'  Bebi«  Christ  168,  June  2U 
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327.     We  shall  subjoin  a  catalogue  of  eclipses 
recorded  in  history,  from  721  years  before  Christ 
to  A.  D.  1485 ;  of  computed  eclipses  from  1485  to 
1700 :  and  of  all  the  eclipses  visible  in  Europe  Irom 
1700  to   1800.     From  the  beginning  of  the  cata- 
logue to  ./4.  D*  1485,  the  eclipses  are  taken  from 
Struyk's  Introduction   to   Universal  Geograplnjy  Kn^c- 
as  that  indefatigable  author  has,  with  much  labour,  ^^cJ^^^ 
collected  them  from   Ptolemy^    Thucy elides y  Plu-ingatM^ 
tarc/i^  Calvisius,  Xenophony  IJiodorus  SiculuSy  Jus-  ^^^^^ 
tin,  PolybiuSy  Titus  LiviuSy  Cicero^  LucanuSy  'I he- 
ophanes^  Dion,  Cassius^  and  many  others.     From 
1485  to  1700  the  eclipses  are  taken  from  Ricciolus^s 
Almagest:  and  from   1700  to  1800  from  L^Art  de 
verifier  les  Dates.     Those  from  Stixiyk  have  all  the 
places  mentioned  where  they  \'v  ere  obser\  ed :  Those 
from  the  French  authors,  viz.  the  religious  Bcnedic- 
tines  of  the  congregation  of  St.  Maur,  are  fitted  to 
the  meridian  of  Paris:  And  concerning  those  from 
Hiccio/us,  that  author  gives  the  following  account : 

*'  Because  it  is  of  great  use  for  fixing  the  cycles 
or  revolutions  of  eclipses,  to  haA e  at  hand,  uiihcut 
the  trouble  of  calculation,  a  list  of  successive  eclip- 
ses for  many  years,  computed  by  authors  of  ep/ie- 
merideSy  although  from  tables  not  perfect  in  all  re- 
spects, I  shall,  for  the  benefit  of  astronomers,  give  a 
summary  collection  of  such.  The  authors  I  extract 
from  are :  an  anonymous  one  \\  ho  pul)lished  cp/ic- 
meridesbovcv  1484  to  1506  inclusive:  Jacobus Ptlau- 
men  and  Jo.  Sta^JlerinuSy  to  the  meridian  of  £/////, 
from  1507  to  1534:  Lucas  Gauricus^  tothebtitude 
of  45  degrees,  from  1534  to  1551 :  Peter  Appian^ 
to  the  meridian  of  Leysing^  from  1538  to  1578  :  Jo. 
Staflerus^  to  the  meridian  of  ludingy  from  1543  to 
1554 :  Petrus  Pitatus^  to  the  meridian  of  l^eniccy 
from  1554  to  1556 :  Georgius  Joachimus  Kheticusy 
for  the  year  1551 :  Nicholas  SiintiSy  to  the  meridian 
of  Bologna^  from  1552  to  1568 :  Miclmel  Ma'stlin^ 
to  the  meridian  of  Tubing,  from  1557  to  1590:  Jo. 
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Stadius,  to  the  meridian  of  ^4?itwerp^  from  1554  to 
1574 :  /(?.  Atitoninus  Magitius,  to  the  meridian  of  Fe- 
nicej  from  1581  to  1630 :  David  Origan  to  the  meri- 
dian  of  Frahckfort  on  the  Oder^  from  1595  to  1664 : 
Andrew  Argol^io  the  meridian  oTJtomey  from  1630  to 
1700  :  Franciscus  Montebrunus^  to  the  meridian  of 
Bologna^  from  1461  to  1660:  Among  which,  Sta- 
diiis^  Alcestlin,  and  Maginus.ViStA  the  Prutenic  tables; 
Origan  the  Prutetiic  and  Tychonic;  jMontebrufius  iht 
Laiisbergian^  as  likewise  tliose  of  Durat.  Almost 
all  the  rest  the  A/pfionsine. 

*'  But  that  the  places  may  readily  be  known  for 
which  these  eclipses  were  computed,  and  from  what 
tables,  consult  the  following  list,  in  which  the  years 
inclusive  are  also  set  down  : 

From        To 

1485  1506  The  place  and  author  unknowii. 

1507  1553  Ulm  in  Suabia^  from  the  Alphonsine. 

1554  1576  Antwerp  J  from  the  Prutenic. 

1577  1585   Tubing,  from  the  Prutenic. 

1586  1594  Venice^  from  the  Prutenic.         \jenic. 

1595  1600  Franckfort  on  the  Oder^  from  the  Pru- 

1601  1640  jPrawcit/6r/ontheO</<?r,fromthe7>/cAo;/;V 
1641   1660  Bologna^  from  the  Lansbergian. 
1661  1700  Rome,  from  the  Tychonic /' 

So  far  RiccioLvs. 

A.  B,  The  eclipses  marked  with  an  asterisk  are 
not  in  RicciOLUs's catalogue,  but  arc  supplied  from 
DArt  de  verijier  las  Dates. 

From  the  beginning  of  the  catalogue  to  A,D.  1 700, 
the  time  is  reckoned  from  the  noon  of  the  dav  men- 
tioned  to  the  noon  of  the  following  day  :  but  from 
1700  to  1800  the  time  is  set  down  according  to  our 
common  way  of  reckoning.  Those  marked  Pekin 
and  Canton  are  eclipses  from  the  Chinese  chronology 
according  to  Struyk  ;  and  throughout  the  table  this 
mark  ©  signifies  Sun^  and  3  Moon. 
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T3" 

Chr. 

721 
720 
720 
631 
5iS 
SOiii 
491 
431 
425 
424 
413 
406 
404 
403 
394 
383 
382 
S8i 
364 
357 
357 
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Babylon 

Babylon 

Babylon 

Babylon 

Babylon 

Babylon 

Babylon 

Athens 

Athens 

Atliens 

Athene 

Athens 

Athens 

Pekin 

Gnide 

Athens 

Athens 

Athens 

rhebes 

S)Tacu8e 

Zant 


340'Zant 


331 

310 

219 

218 

217 

203 

202 

201 

200 

200 

198 

190 

188 

174 

168 

141 

104 

63 

60 

54 

51 

48 

45 

'56 


Arbela 

Sicily  Island 

Mysia 

PerscamoB 

Sardinia 

Frusini 

Cumis 

Athens 

Athens 

Athens 

Rome 

Rome 

Rome 

Athens 

Macedonia 

Rhodes 

Rome 

Rome 

Gibraltar 

Canton 

Rome 

Rome 

Rome 

Rome 


MkkUe 


4.  andD-H^j^ 


19 

8 

1 

21 

16 

19 

25 

3 

9 


27 
15 

2 
28 
13 
2^ 
18 
12 
12 


10 

u 

10 
18 
12 
12 

& 
6 


Dig-itii 
eclipsed. 


20  20 


10 
8 

21 
5 

22 
19 
8 
10 
23 


28  22    — 


29 
14 


20  20 


14 

19 

1 

11 

6 
18 
32 
19 
11 

9 
13 


30 
21 

27 
18 

27 


34 
56 
18 
2^ 
47 
21 
12 
35 
45 
17 
15 
50 
12 

17 

6 
54 
21 
51 


7 
18 


20 
14 
rising 


29 

c 

5 
5 


1 

2 
22 

7 
13 
14 


57 
52 

24 

14 

c 

48 


18     - 


16  20 


38 
3o 

2 

C 

2x 
16|settinp 

3  4; 
2     li 

10      ( 

4  - 


14 

8 
10 
22 

6 


9 
7 

18 
6 

19 


Total 
1       5 


5 

2 
7 


4 
36 

24 


1     52 

1  44 
U       0 
Total 
9      0 
Total 
Total 

8  40 

10  40 

11  0 

2  1 
6     15 
ToUl 
6     10 

3  33 

4  21 

9  0 
Total 
10    32 
Total 
Total 
9      6 

5  40 
1      0 
8    58 
Total 
Total 


3     5- 


11       0 

10  48 
7      1 
Total 
3    26 

11  52 
Total 

Central 
Total 
9      0 
Total 
Votal 
6    47 
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A!.ciiphe»  <)t  the  b>ui) 
and  Moon  seen  at 


Rome 

Canton 

Pekin 

Canton 

Pckin 

Pekin 

Canton 


Bei: 
Chr. 

31 
2^ 
28 
2u 
24 
16 
2 

Alb 
CbrJ 

IPekm 

5  Rome 
14  Pannonia 
27  Canton 
30  Canton 
40  Pckin 

45  Rome 

46  Pekin 
46' Rome 
49  Pekin 
53  Canti>n 
55  Pekin 
56|  Canton 

59  Rome 

60  Canton 
65  Canton 
69  Rome 

ro 

71 


Canton 
Rome 
95;Ephcstis 
125  A»cxundria 

133  Alexandria 

134  Alexandria 
136*  Alexandria 


23; 
238 


334 
34?- 
56C 
36^ 
401 
401 


Bologna 

Rome 
290|Carthage 
304  Rome 
316  Constantinople 
"'''  Toledo 

Constantinople 

ispalian 

Vlcxandria 

Kome 

'lome 


-402(f<ome 


M.  and  1>. 


Jan. 
J  line 
)ct. 
April 
Nov. 
Feb: 


June 

March 

Sept. 

luly 

Mov. 

April 

July 

July 

Dire. 

VI  ay 

vlarch 

July 

i)ec. 

April 

Oct. 

Oec. 

Jet. 

•ept. 

viarch 

May 

April 

May 

Oct. 

March 

April 

April 

May 

AlIfT. 

Dec. 

July 

Oct. 

Nov. 
June 
Dec. 
June 


20 
5 

lb 

23 

7 

1 

1 


Middle 
ki.  M 


10 
2fc 
26 
22 
13 
30 
31 
21 
31 
30 
8 
12 
25 
3(; 
13 
15 
l&l 

2:: 

4 
21 

5 

C 
2C 

5 
12 

1 
15 
31 
3( 
1? 

h 

*.( 

25 
11 

^ 
1 


setting 
4      2 


iJ  giti 
I  clipsed. 


>3 
4 
4 
5 

20 


:o 


q 


48 
16 
11 
13 
8 


10  11 


20  10 


1 

4  lo 
17  IS 

8  56 
19 

5  50 
22  1 
22  25 

9  5i 

7  16 

20  4 

21  50 
0  2t' 
3  8 
3  31 

Jl  50 

10  43 

31  i: 

8  3'i 


16 
44 


9 
11 
11       t 
15     5( 


20 

:o 

3( 
19  5Z 
it  nooi 
19  2-i 
;«  C 
15     C4 


12 
8 


1. 
4 


Gr.  Eel. 

11  0 
Total 

11  15 
2  0 
2      8 

11    42 


43 

4  45 

Total 
ToUl 
30 

7  34 

5   ir 

2  10 
ToUl 

10  8 

11  6 
6  40 
9    20 

10  38 

10  SO 

10  23 

10  49 

8  26 
6  0 
1  0 

1  44 
I'otal 

10     19 

5  17 
Total 
8     45 

'1  20 
Total 

2  18 
Central 

8      0 
Central 
Total 
Total 
Total 
10      2 
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_ja  Paris 
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STS  Paris 
878  Paris 
883  Arracts 
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JMtl  Ameta 
904  London 


912 


iS  Paris 
Jl  Klicmcn 

'(J  Constantinople 
'6  linden 
»  Messina 
i9  C'lnstantinoplc 
'(J  Fiilda 
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I  1033 
S  1034 
S  10j7 
!  1039 

>  1044 


S  lor* 

I  1Q«0 

!  loay 

>  loue 


<  1096 
S  1096 
?  10<JH 

J  loyy 
<noj 

S  U06 
^  1107 


Climy 
Jfurembiirg; 

A  ii^bur^U 
Comlanlinoplt 

Conituntinoph 
N  aplc« 
Augsburg 

Vugsburjlk 

\ug9biir{h 

Naples 

Home 

Erfiird 


Erfiinl 
London 


Erfurd 

Bary 

-    rbeck 
iphurjh 


J  IISV 


Dec. 
June 

Apr. 
Aitg.    21 


Aug. 

Dec.  25 

Not.  30 

Sept.  17 

Jufy  17  I : 

J»n.  10 1, 

May  31  : 
M»y  5  K 
Marcli  U  i9 

Auff.  17  i: 

June  13  : 

Dec.  10  : 

Nov.  20  ! 

Sept.  27 
March  24 


Oct.     25 

March  :^ 
Aug. 


:n,Wd,  5 


tal  ? 
lal  ? 
tal     S 

ui    i: 

tal     K 

13? 


9        13  S 

Total  > 
Total  > 
Total      < 

Total      \ 

2  49? 

8  39  S 

9  SiS 
TuIbI     > 

3  23-2 
ToUl     S 

8  30  S 
Total  ? 
7  205 
S       29  S 

11         -J 

Total     < 


■  5  Aft. 

I 


(9/"  Eclipses. 


STRUVK's  CATALOGUE  OF  ECLIPSES 


S  I1H7 


S1192 
S  1193 
>  1194 


^ilio 


— -  All  ranches 
160  Rome 

Erlurd 

Erfurd 

U63  Mnnt  Casum 

LtMidon 

Auranchei 

Auranches 
-    -  Cologne 
IXTS  Aumnchet 

Cologne 

Ccdogne 
lISo  Auranobes 

Auranchet 

Rliemes 

Fiiaiirort 

England 
En^aod 
F.nglaDd 


France 

France 

Umtlon 

London 

Lnndoa 

England 

lialti^Nin; 

Kheiiics 

Rhemei 

Vienna 

Cologne 

vcrc 

Naples 
Na|>lea 
l>inilon 
Itheines 


July 
July 

-pt.    18 


March  Is 
Aug.  2i 
Sept.  1'. 
Aug.   ja 

Jan.      38 

July 

Dec 

May 

April 

\uril  SO 

March25 

Sepu 

Feb. 

June 


June 

\pril  li 

Del.  10 

F<*.  -ZJ 


^  V.^^v^^S^,^^«NA^sA'>.^./W. 


I     20 
13     32 


13     57 
U    35 

31     U 


Total 
Total 
'i'ottl 


Total 


Tntal 

Trtal  . 

Tolal  > 
10        30? 

Total  5 

lotal  S 

Total  > 


tai     J 
2'1 


0/EcBpsei.. 

STRUiTi'i  CATALOGUE  OF  ECUPSES. 

S  Aft.  \Eclipses  of  ihe  Sua  Mi.ldle    Digits  \ 

$  Chr.  I  »n<I  ««»  seen  at        M.and  D-  H.    M.  edi|Ked. ;; 


I  I33S^London 

^  12sslConstantinopIc 


S  1358 
>  1261 
S  1262 
2  1362 
S  1263 
J  1263 


3  Augsburg h 

1  Vienna 

2  Vienna 

2  Vienna 

3  Vienna 
3  Augsburgit 

3  Vienna 
5  Vienna 
7  Constantinople 
0  Vienna 

2  Vienna 
i  Vienna 

5  Lauben 

6  Vienna 
Vienna 

9  Franckfort 
0  London 

4  Keggio 

0  Wittcinburg 

1  London 

3  Constantinople 

7  Ferrara 
9  London 
9  Lucca 
a  Wittemburg 
0  Torcella 

0  Torcella 

2  Wittemburg 

2  Plaisance 

3  Force  llo 

6  Modena 

1  Wittemburg 

3  Florence 

4  Florence 
^  Wittemburg 

7  Constantinople 
<  132S  Constantinople 
5  1330  Florence 

S  1330,Coii3lHriU!toplc 
£1330  Prague 
i  1331  Prague 
\  1331  Prague 


I  126j 
;  1367 
J  1270 
i  1272 


^  12T6 
5  127T 
^  1279 
S  1280 
X  1284 

>  1290 
^  1291 

>  1302 

5  1309 
X  1309 
5  1310 

1  1310 
!j  1310 

<  1312 

2  1312 

<  1313 
5  1316 


I  1333 


5  1327 


July      27 

June       - 

luly 

Ucc. 

May 

March  3 1 

March 

Aug. 

Feb. 

Aug. 

Aug. 

Dec. 


Total   > 
47    Total  s 

.7  Tow;  !; 

40    9       8  S 

30   Total    I; 

>    Total   ^ 

29  s 

-   "\ 

I    Total  J 
40^ 


47 


Aug.     10 
Jan.  ■ 
Dec. 
Nov. 

April    13 

March  17 

Dec.     23 

Sept.      s 

Feb.      14 

Jan.       14 

April      2 

Feb.      24 

Aug. 

Jan. 

Feb. 

Aug. 

July 

Dec. 

Dec. 

Oct. 

June 

May 

May 

April    23 

Aug.     -■ 

Feb. 

June 

July 

Dec. 

Nov. 

Dec. 


8  53  S 

9  25  ? 
4  29  S 
Total  2 
Total  S 
10  6^ 
Total   S 

9  13 1; 

10  30  S 
Total  < 
Total   S 

0  54 1; 

Tolal  > 
Total  s 
10  10  Ij 
10  20  < 
7  16  Jj 
3  23? 
Total   J 


Total  ? 
7  41  ^ 
11     -^ 


Of  EcUpsfs. 

STRUYK'i  CATALOGUE  OF  ECUFSES. 


5  Aft.  E. 


Eclipses  of  tim  Sun 


1464. 


Witteroburg 
Ceaena 

Constantinople 

Constantinople 

Constantinople 

Alexandria 

Wit  tern  burg 

Witlemburg 

Florence 

Kiigibio 

Augsburgli 

AugBburgh 

Forii 

Constantinople 

Constantinople 

Forli 

Constantinople 

Vienna 

Wittcmbiirg 

Franckfort 

l^orli 

Forli 

Wittembiu-j; 

Forli 

Wittcmburij 

VVittemburg 

Tubing 

Constantinople 

Vienna 


1457 
1460 

Atistr-ia 
14501  Vienna 

Viterbo 

Rome 

Rome 
1485  Nurimburg 


M.andD. 

Middle 
H.    M. 

Digils     >, 
eclip^.  S 

© 

May 

U 

3 



10      18  ^ 

5 

April 

IS 

10 

33 

Total  S 

5 

Nov. 

23 

12 

23 

Fotal   i 

©Dec. 

S 

22 

15 

6     30S 

3  .May 

20 

27 

lotftl   C 

©Occ. 

6 

18 

40 

8     iS> 

5  (June 

30 

12 

20 

Total   i 

©■Sept. 

16 

20 

45 

8     435 

5  Feb. 

16 

43 

Total   5 

©May 

4 

23 

8     54S 

]>  Jan. 

16 

8 

27 

ToUl   5 
Total    > 

5  Nov. 

.■! 

17 

5 

©;Jan. 

11 

f) 

16 

6     22  5 

3  iJunc 

SI 

lu 

Total    S 

©Oct. 

251 

0 

43 

10  31  S 

11  sal 
9    325 

J  Jtine 

1 

13 



©lunc 

15 

18 

I 

©Oct. 

la 

■21 

47 

©April 

li 

3 

I 

10     48  < 
Total   5 

J  March  30 

IS 

13 

©June 

6 

6 

43 

Total  ? 

© 

Murch25 

22 

5 

1     45  J 

5 

i-'cb. 

17 

8 

U 

Total   < 

J 

Feb. 

6 

8 

26 

11       7? 

il     20? 

© 

June 

26 

3 

57 

© 

Feb. 

12 

2 

4 

1      3US 
ToUl    < 

© 

Juno 

17 

5 

-_ 

© 

Sept. 

18 

20 

59 

8       7S 
Total    5 

5 

Dec. 

17 

3 

S'J 

© 

Aug. 

2a 

33 

23 

8     53^ 
Total    i; 

D 

July 

24 

7 

19 

5 

Sept. 

3 

11 

17 

Total    J 
5     33? 

J 

July 

3 

7 

31 

0 

July 

17 

17 

32 

11       \9> 

Total   i 
Total   i 

3 

Dec. 

27 

13 

30 

5 

Juno 

2a 

11 

50 

5 
1> 

Dec. 

Tela!   ? 

7  38? 
2        6?* 
Total   J 

8  46? 
Total    ? 

June 

11 

15 

~ 

© 

Nov. 

31 

0 

10 

J 

April 

31 

12 

43 

© 

Sept. 

20 

5 

15 

5 

Oct. 

4 

5 

12 

]) 

Jan. 

37 

7 

9 

Total   ? 

© 

March  16 

3 

S3 

11     — § 

Of  Eclipses.  2S5 

All  the  follouing  ECLIPSES,  are  taken  from  Riccioixs,  except  thoaa 
marked  with  an  Aswrisk,  which  are  from  L'jirt  de  vfrifier  lei  Dain. 


Aft. 
Chr. 

M.  &D. 

Middle 
H.   M 

DiKiu 

eclipaed 

Aft. 
Chr. 

_ 

M.  & 

D. 

Midillc 
H.   M. 

Digits's 
«lip.«d-^ 

U86 

J 

Feb.      18 

5      41 

Total 

1508 

© 

M^~ 

29 

6 

_ 

S 
Total    I 

U86 

© 

March    5 

17     4S 

y        0 

UilH 

3 

June 

12 

ir 

40 

U87 

5 

Feb.        7 

15     49 

Total 

1S09 

5 

June 

3 

11 

11 

7        OS 

U87 

© 

July      2r 

2      e 

7            0 

liO' 

©Nov. 

II 

23 

— 

■           i 

U68 

J 

Jan.       2B 

6     — 

lilC 

3 

Oct. 

16 

19 

1488 

© 

July        B 

17      31 

-[           0 

1511 

5 

Oct. 

6 

11 

50 

Total    5 

US'J 

T> 

Dec.       7 

17     41 

Total 

1512 

3 

Sept. 

25 

3 

36 

Total    i 

149(: 

3 

May      19 

Noon 

15  I.'! 

© 

.March    7 

0 

30 

6       0< 

H90 

3 

June       2 

10        ( 

Tola! 

15IJ 

© 

July 

30 

I 

— 

Total    ^ 

1 400 

5 

Nov.     26 

18     2S 

Total 

I.il5 

3 

Jan. 

29 

IS 

18 

1491 

© 

March    8 

2      19 

9 

I5lt 

3 

Jan. 

19 

6 

0 

Total  S 
T'otal    < 

1491 

5 

Nov.      1 5 

18     — 

1516 

3 

July 

13 

11 

37 

1492 

© 

April    26 

7     — 

1  i  If. 

© 

Dec. 

23 

3 

47 

3       OS 

1492 

© 

Oct.       20 

23     _ 

• 

15i7 

© 

June 

IB 

16 

— . 

1493 

J 

April    21 

14       C) 

TotL.1 

1S17 

3 

Nov. 

S7 

19 

— 

11       0> 

6  OS 
Total    < 

1493 

© 

Oct.       K 

3     4C 

8          0 

I51B 

3 

May 

24 

19 

1494 

© 

March    7 

4    la 

4          0 

1.^1K 

© 

June 

7 

17 

56 

1494 

1> 

March  2 1 

14     3H 

Total 

i3iy 

8 

May 

26 

1 

— 

1494 

3 

Sept.     14 

19     4; 

Total 

isiy 

Oct. 

23 

4 

33 

1495 

5 

March  10 

16     — 

• 

IJl'J 

3 

Nov. 

6 

6 

24 

1495 

© 

Aug.      IV 

17     — 

■ 

liOO 

3 

May 

2 

7 

_ 

*          ij 

1496 

5 

Jan         2.. 

14     — 

' 

1520 

© 

Oct. 

11 

5 

22 

1497 

J 

J;,n.        18 

6      3H 

Total 

1320 

3 

Oct. 

25 

19 

— 

^ 

1497 

© 

July      20 

3       2 

3         0 

1520 

3 

March  2 1 

ir 

— 

1499 

y 

June     22 

17     — 

» 

1521 

t 

April 

6 

19 

— 

'          $ 

1499 

© 

AuR.     23 

18     — 

• 

1531 

© 

Sept. 

3ii 

3 

— 

149il 

5 

Nov.       17 

10     — 

• 

152J 

3 

->ept. 

i 

12 

i: 

Towl  > 
Total    5 

I50() 

© 

March  27 

Inlhi 

Night 

152J 

3 

Msrch    1 

8 

26 

150C 

D 

April     11 

At 

Noon 

15-:.- 

3 

A'ig. 

25 

15 

24 

Total    ;; 

1501 

T> 

Oct.         5 

14        2 

10       0 

1524 

© 

Feb. 

4 

— 

ISOi 

3 

May        2 

17     4ii 

Total 

1524 

3  A«g. 

16 

IQ 

_ 

^ 

1505 

© 

Sept.     3'. 

19     4.T 

10       0 

1525 

©Jan. 

23 

4 

_ 

I5U" 

5 

Oct.       15 

12     i:(. 

2          0 

1525 

3  July 

4 

10 

10 

Total  > 
Total    ? 

I5ii: 

J 

March  12 

9     — 

152, 

3  Dei. 

29 

10 

45 

150.; 

© 

Sept.     19 

22     — 

l?3f- 

3  Dec. 

18 

10 

30 

Tot.l    ^ 

130.1 

I 

Feb.     ay 

13     2C 

Total 

I52: 

©Jan. 

■J 

3 

- 

1504 

© 

.March  16 

3     

I52; 

3in<.-c. 

10 

•          S 

150  J 

D 

Aug.     U 

S     18 

Total 

15J.~ 

©JMay 

17 

20 

— 

•            s 

1506 

J 

Feb.        7 

3  lOct. 

16 

n    55> 

1507 

© 

July      2f 

3    n 

3         0  1530 

0:March28 

18 

C3 

H       4  S 

IS06 

3 

Aug.       3 

10     — 

l3.-.() 

3bci. 

6 

12 

It 

■Total    ; 

1S07 

© 

Jan.       12;  19     — 

\:.s\ 

3 1  April 

1 

7 

_ 

■           s 

1508 

© 

Jan.         2 

4   — 

• 

1332 

© 

Aug. 

30 

0 

4( 

■'             S 

294 


Of  Eclipses. 


IRlCCIOLUS's  CATALOGUE  OF  ECUPSES. 


\ 


s 

I 


5 


>Aft. 
JChr. 

I 
I 


HlCCIOLlTS^s  CATALOGUE  OF  ECUPSES. 


1584 

1584 

1585 

1585 

1586 

1586 

1587 

1588 

1588 

1588 

1589 

1589 

1590 

1590 

1590 

1591 

1591 

1591 

1591 

1592 

1592 

1593 

1594 

1594 

1595 

I59j 

1595 

1595 

1595 

1596 

1596 

1596 

1596 

1597 

1597 

1598 

1598 

1598 

1598 

1599 

1599 

1599 

1600 

1600 

1600 

1601 


©  May 
3)  Nov. 
©  April 
^  May 
3  Sept. 
©Oct. 
])  Sept. 
©I^^eb. 

3) 

D 
© 

© 
© 


M.  &  D 


9 

17 

2 

13 

27 

12 

10 

26 

March  12 

Sept.       4 

Aug.     10 

Aug.     25 

Feb,        4 

July 

July 

Jan.  9 
July  6 
July  20 
3)*Dec.  29 
D  June  24 
D  Dec.  18 
©  May  30 
©  May  19 
J  Oct.  28 
©  \pril  9 
5  April  24 
©  May  7 
©  Oct.  3 
D  Oct.  18 
©  March  28 
3)  April  12 
©  Sept.  2 1 
D  .)ct.  6 
©  March  16 
®  Sept.  1 1 
D  Feb.  20 
©  March  6 
3)  Aug.  16 
©  Aug.  3 1 
1>  Feb.  10 
©  July  22 
3)  Aug.  6 
©Jan.  15 
9  Jan.  30 
®  July  10 
©Jan.        4 


Middle 
H.   M. 


20 
15 


5rt 


18 
14 

7 

5 

8     - 
Noon 


9 

1 

14 

17 

18 

8 

5 


16  17 
3oll9 


6 

5 

4 
16 
10 

7 
«2 
14 
19 
Tcr.  de 


28 
23 
14 
30 

1 

4 
57 
21 

8 

o 

11 

13 
24 
30 
58 
15 


4 

o 

2 

20 

8 
21 


12 

4 
47 
III 
52 
In 
15 


St.  Pet. 

Picora 

18 

22      12 

1  15 
Magel. 
18     21 

4 


eclipsed. 


3     36 
Total 
11       7 

6     54 

« 

10  2 
1  3 
Total 

Total 

« 

3     45 

« 

3  54 
10  27 
9  40 
Total 
1  0 
Total 


8 
5 

2 

10 

9 


58 

54 
38 
23 
40 


12[10 


f^  1 
o  1 


Java 

6     40 

2      10 

Ethiop. 


Aft. 
Chr. 


Fucgo 

Total 

* 

5  18 
Total 
Chili 

6  4 
China 

Isle 

9  49 
55 
11  57 
Total 
8  34 
Total 

8  IS! 
Total  i 

1 1  4S| 
2  58* 
5     39 

9  40!t 


M.  &  D. 


© 

3) 

© 
© 
3) 

© 


601 

601 

601 

601 

602 

602 

602 

602 

602 

603 

603 

603 

903 

604 

604 

605 

605 

605 

605 

606 

606 

606 

606 

606 

607 

607 

607 

608 

608 

GOrt 

609 

600 

6U9 

609 

60 'J 

filO 

610 

610 

61u 

610 

611 

612 

612 

612  3) 

612 

613 


^ 


Middle 
H.    M. 


3)  June      15    6     18 


3) 
© 
3) 
© 

© 
© 

© 

3) 

© 
© 

3) 
© 
© 
3) 
© 
3) 
© 
© 
J) 
© 
3) 


29 
9 
24 
21 
4 
19 
13 
28 
10 
24 


18 
20 
32 


18 
27 
12 


June 

Dec. 

Dec. 

May 

June 

June 

Nov. 

Nov. 

May 

May 

Nov. 

Nov. 

April 

Oct. 

April 

April 

Se^Jt. 

Oct. 

March    8 

March  24 

Sept.      2 

Sept.      2 

Sept.     16 

Feb.      25 

M 

Sept. 

Feb. 

July 
\ug. 

Jan. 

jFeb. 
J)  July 
©July 
©JDcc. 
3)  I  Jan, 
©June 


arch  13 


3) 
© 
3) 
© 


© 
© 


July 

Dec. 

Dec. 

June 

May 

.vlav 

^>Iov. 

Nov. 

April 


5 

15 
27 

9 
19 

4 
IC 
30 
26 

9 
20 

5 

15 
2'J 
10 
14 
29 

8 
22 
20 


China 
7       6 

3  46 
Greenl 

7  18 
N.Gra. 
Magel. 

10  3 
China 

11  41 
Rom.  I. 

7     31 

Arabia 

Peru 

9  19 
Madag. 

4  27 
2     33 

Mexico 

11  17 
Magel. 
Magel 

15        6 

21  48 
6     36 

15      40j 

at  the 

0  30 
4     39 

15  31 
Fuego 
12 
Canada 
19     — 

1  31 
Java 

16  58 
Cyprus 
16  47 
Califor. 

10  '  38 
23     38 

3  22 
Magel 
MageU 


8 


s&i 


Digits  S 
eclipsed  ^ 

52  <J 
29^ 


4 

4 

10 

9 

3 


53  s 

5'=>  S 
S 

41 :: 

Total  S 
5  43^ 
5     _S 

Total 


11 
7 

11 
3 
9 
6 

11 
5 
9 
9 
6 


21 
59 
17 
26 
32 
49 
49 
31 
^6 
24 
0 

Total 
6  40 
6  40 
Total. 
1  13 
1      22 

4  7 

Antipo. 

I     53 

0*  40 

10     32 

5  22 
Total 

4  10 

5  50 
Total 


s 

s 
s 


10 

11 

4 

4 

11 

r 

7 

9 
9 


46 
13 
50 
23 
SO 
23 
14 
49 
0 


Ianica« 


Pp 


«» 


'S98 

1 

P 

1 

■ 

0/  Ifcl'pses, 

■ 

■ 

■ 

1 

RICCIOLUS'5  CATALOCLE  Ol'  ECLIPSfe 

m 

S  Aft. 

«;  1613 

J 

MjiKlD 

Middle 
H.      M. 

eclipsed, 

Afi" 
I63i 

© 

MMid  D. 

MVUI. 

I.  M. 

Dlptt. 
edipned. 

n 

M.y 

1 

0        3j 

Total 

\lAKh  fi 

Florida 

S1613 

a 

m/, 

ly 

lirfsl 

rnrtury 

1635 

Vlarcli23 

ti     n 

3       11 

>I613 

l£) 

Oct. 

1j 

80UII1 

Amer. 

162J 

Sept       1 

Stl-c 

HT%l4fc 

?  1613 

5 

ilct. 

sa 

4          K 

'rotal 

1621 

Sept.     16 
Feb.     -25 

n    41 

3            6 

S  1614'^|.\|)rjl 

fc 

N.  Gul. 

8        44 

I6:3t 

Madag 

8       27 

.M 

;  IGHj  jjlAurU 

S5 

17-       3t 

9        35 

16-26 

D 

\UE.      7 

7     W 

0       35 

H 

J  I614l©|0«. 

3 

0        S7 

5           2 

1636 

© 

Aug.    21 

In 

Moticfl 

■ 

S  ISUlY'n.;!. 

ir 

4        38 

4        56 

I6i7 

Jan.     30 

11      38 

m       21 

"S 

S  I6i.r(..^  Man.'li29 

Gna 

to        3fi 

1627 

feb.     15 

Mugel 

.H 

Meisgsepi. 
S  1U15  V'M,.rc 

25 

Salom 

Isle 

1627 

July      37 

9    *4 

Total 

H 

1       jf; 

Total 

16;- 

i 

\0S-    II 

Tenduc 

10         0 
5        40 
Total    , 

'■ 

S  i-ilSi-.^'Mai-chiri  Mexico 

6        47 

I62B 

Jan.        6 

l-endijc 

M 

*»  1616 

5  Au^ 

26115         33 

Totat 

I62e 

Jmh.      20 

[0     11 

?  Ifil6 

5  |Se|.r. 

10 

MaKcl- 

10        33 

162? 

f 

July        1 

C.Cood 

Hope 

V  isir 

©!FWI. 

Migel 

tunica 

16;.* 

July      16 

11     S6 

■rStai 

land 

S  1617 

3 'Feb, 

2(1 

,        ^i9 

Total 

I63s 

Dec,    25 

inEng 

>  lOir 

©1  March  6 

23        — 

163! 

]M.         9 

1     36 

4       S7S 

,?  1617 

Aug. 

I 

Wiirmin 

^ 

1639 

1 

June    n 

OajiBe 

u     as 

S  1617 

AOS- 

16 

8       23 

'i-otal 

1629 

Dec.    U 

Peru 

10       11  ' 

S161S 

hn? 

2B 

Magel 

Iwiica 

163c, 

May     25 

17     56 

C         tl 

5  1618 

Feb. 

B 

3      2y 

2        57 

I63r 

hm^     10 

7      47 

9         8 
9       27 
10        1* 

S  161H 
S  1619 

1 

a 

Mexico 
Cilifiir 

163tJ 
I6,l( 

11      24 
N.  (kii 

13 

Ilia 

Dee!      3 

^H 

S  16IS 

June 

2U 

12        40 

S         1ft 

1631 

April    30 

AnUr 

Circk      ^^ 

>16iy 

h\y 

11 

Africa 

11         S9 

163 

M«y     IS 

H       15 

Total 

t^M 

J  1619 

Deiv 

SU 

15         53 

10        47 

1631 

Oct     24 

C.Gmx 

Hope 

s 

S  1620 

f 

May 

31 

Arctic 

Circle 

163 

N(.v.       8 

12       (J 

■rStal 

■ 

S  \»^ 

Jiwl 

14 

13        47 

Total 

163j 

Apr.    19 

CGood 

Hope 

■ 

:  \C''2D 

June 

29 

M»sel. 

7        2C 

163J 

M«y       4 

I      24 

6       35 

H 

'     2  1630 

5lUec. 

9 

6        39 

Total 

1633 

Oct      13 

Mexico 

8          37 

H 

i  \6M 

2.1 

./'"?. 

laiiica 

1633 

Oct.      17 

12      23 

^ 

J  16J1 

SO 

1(1        44 

16,13 

April     « 

5       14 

4       30<       ' 

<  Iftil 

2:19         *2 

9        53 

I63S 

Oct       3 

MaWiv. 

Total    J 

S  l<^.'l 

1,1 

Magel 

liinica 

1634 

Mircli  14 

9     35 

11        18  > 

10        19? 

S  lo'l 

1.1        43 

3        28 

1634 

Mircl>3H 

Japan 

^  IS/i 

8€ 

C.  Vcnl 

11          S2 

1634 

Sept.      7 

5*^0 

Total    \ 
9       54  J 

Circle      > 

;  1622 

MulM 

r^kl. 

IM4 

Sept    23 

CG.H. 

5  16.'J 

5  1  JprB 

it 

7        19 

10         54 

14JS 

Feb.     17 

Antur. 

2  lo23 

163J 

I63i 

Total     < 
0        16          _ 

Q 

Ocr. 

'^ 

„        ™. 

K        JS 

MnrcU  18 

Mexico 

S  1633 

1 

Oci. 

a,! 

CaliW. 

to       46 

1635 

Aug.    IS 

Icelaucl 

5          0|    J 

S  162'1 

Mw 

le 

N.  Z«ni. 

n        0 

1635 

Aug.    27 

16         4 

Total     2    V 

;  l*2i 

3 

.\pril 

3 

7          9 

Total 

l<i36|© 

Feb.       6 

In 

I'eni     )    -fl 

i  16.ii 

.Vprfl 

ir 

-Aiiwr. 

Circle 

I636I5 

Feb.     20 

11     Si 

3       S3       M 

>  1524 

Sent. 

li 

Mapl 

tU)i&l 

I63i;6 

Aor    1 

'artiiry 

II        20         fl 

k^i 

JlSqiU  3C 

8       Si 

Tolul  B163(^5lAii^.    16 

4     34 

1       21        ■ 

#"■"'-' 

M 

1 

>Aft. 
<Cbr. 


,   Middle 
■H.    M. 


0/ Eclipses.  297 

1  Cj\TALO(iLE  OF  ECUPSl^ 


)Dec. 

Dec.  2 
Jan. 
June 

June  I 

Nov.  2 

Dec  ' 

May  2( 

Nov.  1 

April  2 
May 

)  Oct.  1 
Nov. 

Murch  3 

April  1 

Sept.  2 
(.)ct. 

March  I 

Scpr.  I 

Sepi.  2 
.\Iai-ch 

Aug.  3 

l-ub.  1 

Tcb.  3 
Aug. 

Aut;.  2 

3  Jan.  I 


3  July 
S  July 


Magci 


'  Jan. 


July 
Dec. 

N'ov. 
Dec. 
May 


8©C 


13 'Jl 

J  sits 


Tolal 
O      30 


i'otal 
Total 


M.andD. 

Mi 

tl. 

t 

Digits  > 

June 

f 

Arcii:. 

4       0\ 

S'ov, 

4 

2 

10 

3      I6S 

Nov. 

IH 

I'J 

56 

'lotal   ^ 

April 

Sl> 

S 

54 

> 

May 

15 

S 

3? 

7     57^ 

Oct. 

2* 

17 

17 

Xov. 

7 

JO 

29 

~T~Z\ 

April 

19 

Tuber. 

i 

Oct. 

U 

2 

15 

!: 

March  24 

16 

53 

8     50S 

\piU 

7 

22 

40 

9     59^ 

Scpi. 

17 

7 

27 

9     49S 

t)r.l. 

2 

5 

2 

\ 

I'eb. 

X 

Miirch  13 

ir 

S 

Total  \ 

^"R- 

22 

i. 

2 

Sept. 

6 

23 

45 

Toul  J 

Feb. 

le 

9 

10 

S 

Mil^c^ 

2 

19 

25 

3     14^ 

Aug. 

11 

22 

34 

2     2SS 

Aug. 

27 

11 

40 

I      53  5 

Feb. 

6 

3 

37 

4     20^ 

Aug. 

I 

14 

19 

1, 

Ang. 

16 

16 

— 

■     5 

Juii. 

II 

9 

4 

10        OS 

Julv 

f 

3 

IT 

Toul  5 

July 

•y^ 

11 

48 

\ 

iK-rt 

30 

ii 

30 

Total  S 

June 

11 

11 

30 

t 

Juiio 

25 

9 

35 

Total   ^ 

Dc.:. 

4 

20 

0 

S 

Dec. 

2(i 

7 

47 

3    9J 

May 

CI 

16 

0 

s 

Tune 

!■! 

n 

Si! 

— —5 

Nov. 

9 

\7, 

56 

0    los 

Nov. 

24 

1  1 

36 

S 

M.y 

<[. 

8 

34 

•        O 

M.y 

3(J 

ir 

4 

Oct. 

2'J 

16 

16 

5      Si\ 

Nov. 

14 

4 

2.^ 

•J    51  5 

April 

21 

11 

5K 

Toul   ? 

Oct. 

11 

:14 

^ 

Oct. 

IH 

1) 

j-j 

Toul  \ 

Nov. 

2 

IJ 

4f 

\ 

March  2- 

n 

32 

April 

14 

4 

Sis 

— 

6f  Eclipses. 


RICCIOIX 

<;'s 

CATALOGUE  OF  ECUPSE5. 

?  Chr. 
X  1661 

© 

M.andD. 

H.    M.|eclipsed 

Aft. 

Lhr. 

M.andD 

Middle 
H.    M 

Digita  S 
eclipied  \ 

Sept. 

2J 

1 

36 

11       19 

L676 

J 

June 

25 

6 

26 

5  1661 

5 

Oct. 

14 

51 

7         4 

1676 

© 

Dec. 

4 

20 

S3 

<  1662 

© 

Miirch  19 

15 

e 

1677 

© 

Nov. 

2-1 

12 

5 

\  1663 

© 

April 

12 

I 

8 

1677 

3 

May 

16 

16 

25 

»      15? 

<  1663 
>  1663 

© 

Feb. 

March 
Aug. 

21 

15 

11 
47 

45 

3      14 

1678 

5 
© 

May 
Oct, 

6 

29 

5 
9 

30 

17 

Total  \ 

^  1663 

IH 

8 

Total 

1679 

April 

10 

2t 

0 

>  1663 
<  1664 

>  1664 
S  1664 

© 

Sept. 

1 

6 

8 

1679 

May 

25 

11 

53 

5     47? 

© 

© 
© 

Jun. 

5 
© 

3 

-Marct 

29 

23 

22 

Feb. 
July 
Aug. 

3 

Sept. 
Mnrcl' 

7 

e.-} 

22 

46 

1660 

~, 

Nonn 

\_X 

\  I6S4 

2( 

■n 

ir 

1681 

13 

4S 

5 

<  1665 

30 

18 

47 

4      34 

1681 

Aug. 

28 

13 

23 

10   35  < 

2  1665 

© 

July 
July 

r 

13 

48 
SI 

© 

Sept. 
Feb. 

15 

43 

S  1665 

26 

0      10 

16K2 

21 

12 

28 

Total  J 
Total  ^ 

?  I66r- 
<  166fi 
£  1667 
\  1667 

© 
© 

Jan. 

21 

I6H2 

2 

Aug. 
Jan. 

18 

56 

luly 

1 

19 

"o 

11       10 

1683 

© 

27 

1 

35 

10    30? 

5 

June 

5 

N( 

1683 

3 

Icb. 

9 

39 

© 

July 

21 

2 

32 

16H3 

J 

Aug. 

6 

20 

36 

\ 

\  1667 
S  1668 

© 
© 

Nov. 

168'! 

© 

Jiiii 

f, 

34 

Myy 

IC 

Sei 

int. 

1684 

lune 

ar 

15 

16 

I     35  V 

>  16G8 

5 

Muy 

25 

16 

'J      S2 

IfiBt 

© 

hily 

12 

4 

2f 

Total  \ 

S  166h 

© 

Nov. 

2 

53 

9      50 

1684 

5 

Dec. 

21 

11 

18 

9     45  S 

>  1568 
S  ;('6'J 

3 

Nov.- 

if 

3 

54 

6      45 

1685 

© 

J.Ln. 

4 

16 

( 

1^ 

April 
Oct. 

168i 

3 
3 

June 
Dec. 

6 

f 

Total   \ 

>  1669  E 

2-1 

10 

13' 

1685 

10 

11 

26 

\  1670 

© 

.\pi-il 

M 

7 

(1 

1686 

© 

May 

21 

17 

9 

—   S 

^  1670 

© 

Sept. 

l( 

IIJ 

o: 

1686 

3 

J  line 

6 

Noon 

— <; 

S  1670 

5 

Sept. 

3H 

Is 

43    9       r 

1686 

3 

Nov. 

29 

12 

22 

Total  > 

X  1670 

© 

Oct. 

13 

12 

5' 

1687 

0 

May 

11 

I 

_ 

S  1671 
5  167. 

© 

Api-a 

8 

23 

29 

1687 

D 

May 

26 

14 

— 

•          i 

© 

Sept. 

21 

1687 

D 

April 

15 

7 

4 

6     49? 

S  1671 

?  1672 

J 

Sept. 

1H 

7 

44    Total 

168B 

© 

April 

£-1 

16 

27 

©Feb. 

28 

3 

3S I6C8 

3 

Oct. 

a 

No 

on 

S  16-2 

3  M^rth 

13 

3 

17 ■  1588 

© 

Oct. 

25 

Iti 

40 

Total    5 

©  A„i.. 

;;- 

6 

43 168« 

3 

April 

4 

7 

4: 

s  16-; 

^  !r,7. 

5  -It-lit. 

( 

18 

5  1 1689 

3 

Sept. 

28 

15 

46 

Total    ;; 

©  r-t-b. 

f 

29 tfiSO 

© 

March 

10 

S 

VIC7S 
J  1,-,T4 

©  Auf. 

1 1 

21 

44 1690 

3 

Marcl 

24 

11 

14 

a    «5 

^J:«. 

21 

18 

22  11      21  ;i6D0 

Sept. 

3 

>  '"t 

W?:- 

©  >  ■■!>. 

9 

i .IfiiO 

Sept. 

IF 

3 

42 

\ 

J  !uiy 

17 

9 

40    lut^!    ;icfl 

© 

Feb. 

27 

17 

30 

\'^' 

5     ..T1. 

n 

8 

29    'lotul 

169 

© 

Aug. 

2:, 

5 

51 

©  '.in. 

3i 

U) 

36 

1692 

3 

I-eb 

2 

3 

20 

\ 

S   1675 

Ji  July 

^ 

16- 

51    ■I'ol^i 

ISl'C 

© 

Feb. 

V 

17 

51 

It'"'-' 

©  J  uric 

10 

21 

26    4     3-i 

16«2 

3  July 

27 

16 

9    Total  ^ 

O/*  McUpses. 


%n 


RICCIOLUS's  CATALOGUE  OF  ECLIPSES. 


Aft. 
Chr. 


693 
693 
694 
694 
694 
695 
695 
69j 
695 
696 
696 
696 


3) 

D 
3) 

3) 
© 

® 

3) 
© 

3) 


M.andD. 


Jan. 

June 

Jan. 

June 

July 

May 

May 

Nov. 

Dec. 

May 

May 

Nov. 


21 
17 
11 
22 

6 
11 
28 
20 

5 
16 
30 

8 


Middle 
H.   M. 


17     25 

Noon 
Noon 
4     22 

13     51 
6       3 
Noon 
8 

17 


DigitSnAft. 
eclipsed  jChr. 


Total 


01 
7 


12 
12 
17 


45 
56 
30 


6 

a 


22 
47 


6     55 


ToUl 


Total 


1696 
1697 
1697 
1697 
1698 
1698 
1699 
1699 
1699 
1699 
1700 
1700 


© 

© 

3) 
3) 
© 
© 
3) 

© 

3) 
© 
3) 
3) 


M.andD. 


23 
20 

5 
29 
10 

3 


Nov. 
April 
May 
Oct. 
April 
Oct. 
March  15 
March  30 
Sept.  8 
Sept.  23 
March  4 
Aug.    29 


Middle 
H.   M. 


Digits 
eciipped 


88     45 


I 
\ 

S 
S 

s 

X 

s 
s 
s 

The  Eclipses  trom  Strut k  were  observed  ;  those  from  Ricciolus 
calculated  :  the  following  from  VArt  dc  verifier  lea  Dates  are  only  thoso 
which  are  visible  in  Euro  fie  for  the  present  century :  those  which  art 
totjil  are  marked  with  a  T. ;  and  M.  signifies  Morning,  A,  Afternoon. 


IT 
14 
18 

8 

9 
15 

8 
22 
23 
22 
20 

1 


32 
32 
27 
44 
13 
29 
14 
0 
22 
38 
11 
42 


9     58 


.yvr./\/*« 


^'^ovr- 


VISIBLE  ECLIPSES  FROM  1700  TO  1800. 


SAft. 
5  Chr. 

\ 

S 
S 

\ 

s 
s 
s 
s 

\ 

\ 

s 
s 

s 

s 
s 
s 
s 
s 
s 

\ 


1701 
1703 
1703 
1703 
1704 
1706 
1706 
1706 
1707 
1708 
1708 
1708 
1709 
1710 
1710 
1711 
1711 
1712 
1713 
1713 


I  Months 
and 
Days. 


,  '1^; 


5 
3> 
D 
T) 
D 

© 

D 

© 

3) 

® 

© 
© 

D 
3) 

3> 


22 


O 


Feb. 

Jan. 

June 

Dec. 

Dec. 

April 

May 

Oct. 

April 

April 

Dec. 

Sept. 

March  1 1 


29 
23 
11 
28 
12 
21 
17 
5 
14 
29 


Feb. 

Feb. 

July 

July 

Jan. 

June 

Dec. 


13 
28 
15 
29 
23 
8 
2 


rime  ot 
the  Day 
or  Night. 


11  A. 

7  M. 

1  M.r. 
7  M.r. 

7  M. 

3  M, 

10  M. 

7  A. 

2  M.r. 

6  M. 

8  M. 

9  A. 
2  A. 

11  A. 
1  A. 
8  A. 

6  A.r. 

8  A. 

6  A. 

4  M. 


^'f^/v/^/yyv 


Aft. 
Chr. 


1715 
1715 
1717 
1717 
1718 
1719 
1721 
1722 
1722 
1722 
1724 
1724 
1725 
1726 
1726 
1727 
1729 
1729 
1730 
1731 


© 

3) 
3) 
3) 
3) 
3) 
3) 


© 
3) 

3) 

© 
3) 

© 

3) 
3) 
3) 
3) 


Months 

and 

Days. 


May  3 

Nov.  1 1 
March  27 

May  20 

Sept.  9 

Aug.  29 

Jan.  13 

June  29 

Dec.  8 

Dec.  22 

May  22 

Nov.  1 

Oct.  2 1 

Sept.  25 

Oct.  1 1 

Sept.  1 5 

Feb.  1 3 

Aug.  9 

Feb.  4 

June  30 


Time  of  S 
the  Day 
or  Night. 


9 
5 
3 
6 


M.r.  s 

M.     ^ 

M. 

A. 

8   A.r. 

9  A. 

3  A. 

3  M. 

3  A. 

4  A. 

7   A.r. 

4  M. 
7     A. 

6  A. 

5  M. 

7  M. 

6   A.r. 

1     M. 


4 
3 


M. 
M. 


•■» 


1 

n 

'fflp^^^^^ 

m 

\isu«.tt  1!X;ltpses  fhom  vroo  to  isoo. 

Tin 

Tin^i 

s    Time    vtW 

Xf, 

Monti)  )i 

the 

3>a3 

AH. 

sTid       ihe 

Days 

or  Nigl.i.| 

Days. 

ir-Night  ^  ^ 

5  1732 

3 

Oct. 

I  10' 

A./-.! 

1794 

S 

\pril      1 

0 

SI;  5 

© 

M.J 

IS 

A.     1 

1764 

3 

April    16 

Sir33 
J  173S 
S  1736 
i  1736 

J 

M>y 

28 

A. 

1765 

2* 

Maicb  S 1 

J;  \^ 

5 

Oct. 

2 

M. 

176S 

3 

Awg.     16 

5 

Mureh  36| 

3 

A.T. 

176e 

3 

■Cb.      34 

1  \§ 

3 

Sept. 

30 

M.T. 

1766 

© 

Aug.       5 

S  1736 

Oct. 

4 

A. 

I76« 

3 

Jan.        4 

M.    SH 

>1737 

© 

Murch 

1 

A. 

1768 

3 

June       30 

M.r.iH 

J 

Sept. 

9 

M. 

1768 

3 

Dec,     23 

A.r.  >  S 

5  ir3« 

© 

Aug. 

13 

1 

M. 

1769 

E 

func       4 

M.         ■ 

<  173s 

5 

Jan. 

24 

1 

A. 

1769 

3 

Dec.     13 

M.     {■ 

I  1733 

ev 

Aug. 

4 

A 

1770 

© 

Nov.     17 

0 

M.  \m 

S  IT3y 

© 

Uec. 

30 

M. 

1771 

3 

April  aa 

iU 

?  1741 

3 

Jul. 

11 

A.r. 

1771 

J 

Ucl.     23 

A.      JH 

5 

Jan. 

I 

n 

A. 

1772 

3 

Oct.      1 1 

3 

Nov. 

2 

M.7-, 

1772 

© 

Oct.      26 

10 

f.        1 

<  174! 
^  1746 

3 

Auf. 

36 

A. 

1773 

0 

Marcli  33 

J 

Aug. 

30 

12 

A. 

1773 

J 

Sept.    3c 

51747 

3 

Pol). 

14 

iM.r. 

1774 

© 

March  1 2 

t  1748 

© 

July 

3.1 

11 

M. 

1776 

3 

July     3! 

M.     } 

s  ir4s 

>  174'J 

;  irso 

J 

Kug. 

a 

13 

A. 

1776 

© 

Aug.     U 

3 

Dec 

33 

A. 

1777 

© 

Jbo.        9 

A.     s 

m 

J.n. 

8 

M.- 

I77B 

'D 

hlliB      S4 

A.    5 

M.     J 

5  1750 

!;  irso 

3 

Jinte 

19 

A.r. 

1778 

5 

Dec.       4 

3 

Dec 

13 

M. 

1779 

3 

.May     3" 

M.   5     r 

>  17S 

3 

JuDe 

9 

M. 

1779 

© 

hmo     14 

3 

Dec 

2 

A. 

177L1 

J 

Not.     23 

'^'     vfl 

I  1752 

© 

Ml, 

13 

A. 

!780 

© 

Oct.      37 

A.      M 

J  1753 
I  175^ 

i> 

Apr. 

17 

A. 

1760 

3 

Nov.     13 

M.     M 

0«. 

2fi 

M. 

ir«i 

© 

April    23 

A.      iH 

-> 

MerchjH 

M. 

I7sa 

© 

Ott.      17 

"9 

S  I7S7 
<  17j7 

5 

Feb. 

4 

M. 

1782 

3 

April    IJ 

J 

July 

31) 

A. 

17B3 

3 

Match  IK 

A.r.  (V 

>  irs 

J 

iJ. 

24 

M.r 

iras 

3 

SeiJi.     10 

A./-.5  n 

^75 

E 

Dec. 

30 

M. 

1784 

3 

MuKh    7 

M.    5       " 

S175 
<  173 

© 

June 

34 

A. 

1785 

© 

Feb.        9 
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328.    A  lAst  of  Eclipsesj  and  historical  Events^ 
which  happened  about  the  same  Times  j  from  Ri  c  - 


CIOLUS. 


Before  Christ. 


754 


July 


.721 


March  19 


-S85J/fly    28 


463 


523  Juhj 


502  Nov.     19 


I 


April    30 


But  according  to  an  old  calen- 
dar,  this  eclipse  of  the  Sun  was  on 
the  21st  of  Aprils  on  which  day 
the  foundations  of  Rome  were  laid; 
if  we  may  believe  Taruntius  Fir- 
manus. 

A  total  eclipse  of  the  Moon.  The 
Assyrian  Empire  at  an  end;  xh(^  Ba- 
bylonian established. 

An  eclipse  of  the  Sun  foretold  by  Historical 
Thales,  by  which  a  peace  was**^  ^^' 
brought  about  between  the  Medes 
and  Lydians. 

An  eclipse  of  the  Moon,  which 
was  followed  by  the  death  ctf  Cam- 

BYSES. 

An  eclipse  of  the  Moon,  whicli 
was  followed  by  the  slaughter  of 
the  Sabinesj  and  death  of  Valerius 
Publicola. 

An  eclipse  of  the  Sun.  The 
Persian  war,  and  the  faliing-off  of 
the  Persians  from  the  Egyptmnf 
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Before  Christ. 
A3  i  April   25 


431 
413 


394 


168 


August  3 
4ugust21 

August  14 

June     21 


Aflcr  Chbist. 


59 


April   30 


^31  April   12 


306 


840 


-1009 


U33 


July     27 


May      4 


August  2 


An  eclipse  of  the  Moon,  which 
was  followed  by  a  great  &mine  at 
Rome ;  and  the  beginning  of  the 
Peloponnesian  war. 

A  total  eclipse  of  the  Sun.  A 
comet  and  plague  at  Athens^. 

A  total  eclipse  of  the  Moon.  Ai- 
cias  with  his  ship  destroyed  at  Sy* 
racuse. 

An  eclipse  of  the  Sun.  The 
Persians  beat  by  Conon  in  a  sea-en- 
gagement. 

A  total  eclipse  of  the  Moon-  The 
next  day  Perseus  King  of  Macedo- 
nia  was  conquered  by  Paulus  Emu 
Uus. 

An  eclipse  of  the  Sun.  This  is 
reckoned  among  the  prodigies,  on 
account  of  the  murder  of  Agripp'u 
nus  by  Nero. 

A  total  eclipse  of  the  Sun.  A 
sign  that  the  reign  of  the  Gordiani 
would  not  continue  long.  A  sixth 
persecution  of  the  Christians. 

An  eclipse  of  the  Sun.  The  stars 
were  seen,  and  the  Emperor  Con- 
stantius  died. 

A  dreadful  eclipse  of  tlic  Sun. 
And  Lewis  the  Pious  died  within 
six  months  after  it. 

An  eclipse  of  the  Sun.  And 
Jerusalem  taken  bj  the  Saracens. 

A  terrible  eclipse  of  the  Sun.  The 
stars  were  seen.  A  schism  in  the 
church,  occasioned  by  there  being 
three  Popes  at  once. 


♦  This  eclipse  happened  in  the  first  year  of  the  Pelopon». 
hesian  war. 
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329.  I  have  not  cited  one  half  of  RicciOLi7s'«The$uper. 
list  of  portentous  eclipses;  and  for  the  same  reason  *^*^'^^^j. 
^at  he  declines  giving  any  more  of  them  than  what  the  anci. 
that  list  contains;  namely,  that  it  is  most  disagree- *^^^^'^ 
able  to  dwell  any  longer  on  such  nonsense,  and  as  eciipaeg. 
much  as  possible  to  avoid  tiring  the  reader:  the 
superstition  of  the  ancients  may  be  seen  by  the  few 
here-copied.  My  author  farther  says,  that  there  were 
treatises  written  to  shew  against  what  regions  the 
roalevolept  effects  of  any  particular  eclipse  was  aim- 
ed ;  and  the  writers  affirmed,  that  the  effects  of  an 
eclipse  of  the  Sun  continued  as  many  years  as  the 
eclipse  lasted  hours ;  and  that  of  the  Moon  as  many 
montlis. 

330.  Yet  such  idle  notions  were  once  of  no  small  Veiy  for- 
advantage  to  Christopher  C01.UMBUS,  who,  i"on"e*fop 
the  year  1493,  was  driven  on  the  island  of  Jamaica^  Christo- 
where  he  was  in  the  e^reatest  distress  for  want.ot^""** 

i provisions,  and  was  moreover  refused  any  assistance  bus. 
Tom  the  inhabitants ;  on  which  he  threatened  them 
with  a  plague,  and  told  themi,  that  in  token  of  it, 
there  should  be  an  eclipse.  This  accordingly  fell 
on  the  day  he  had  foretold,  and  so  terrified  the  Bar- 
barians,  that  they  strove  who  should  be  first  in 
bringing  him  all  sorts  of  provisions ;  throwing  them 
at  his  feet,  and  imploring  his  forgiveness.  Ric Glo- 
mus's Almagest^  VoL  I.  1.  v.  c.  ii* 

331.  Eclipses  of  tlie  Sun  are  more  frequent  than  Whythem 
those  of  the  Moon,  because  the  Sun's  ecliptic.limits*r*.5?f'® 
are  greater  Uian  the  MoonX  i  317;  y^t  we  have  ccripaes  of 
more  visible  eclipses  of  the  Moon  than  of  the  Sun,  ^***  ^**^ 
because  eclipses  of  tlie  Moon  arc  seen  from  all  parts  lhe"sun. 
of  that  hemisphere  of  the  Eaith  which  is  next  her, 

iind  are  equally  great  to  each  of  those  parts ;  but  the 
Sun's  eclipses  are  visible  only  to  that  small  portion 
of  the  hemisphere  next  him  whereon  the  Nioon's 
shadow  falls,  as  shall  be  explained  by  and  by  at 
large. 

332.  The  Moon's  orbit  being  elliptical,  and  the 
Earth  in  one  of  its  focuses,  she  is  once  at  her  le^st 
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Plate  XI.  distance  from  tlic  earth,  and  oitcc  at  litr  grtalcstr, 
Fig.  L      in  fvtry  lunation.    Wlien  the  Moon  cliangca  at  hcrJ 
least  distance  irom  the  KarLh,  and  so  near  the  nod&J 
that  her  diirk  shadow  falls  iiiioii  the  Kardi,  bht  up-. 
pears  big  enough  to  cover  the  whole  *  disc  ot  the  J 
Sun  troni  that  part  on  which  her  shadow  falls-,  and  I 
Toiatund  the  Suii  appcars  totally  eclipsed  there,  as  at .'/,  loF  ' 
""""'■"■    .some  miiuites  :  but  when  the  iVloon  changes  at  her 
tLc  Sun.    grcitiejt  distance  Irom  the  Karth,  and  so  near  the 
node  that  her  dark  shadow  is  directed  touard  the 
eanh,  Ikt  diameter  subtends  a  less  angle  than  the 
Sun's ;  and  therefore  she  cannot  hide  his  \Vhok-  disc  1 
from  any  part  of  the  EarUi,  nor  does  lier  shadow  1 
reiich  it  at  that  time  ;   and  to  the  place  over  which 
the  point  of  her  shadou'  hangs,  the  eclipse  is  annu- 
lar, as  at  £;  the  Sun's  edg-e  apiK-aiiug  like  a  lumi- 
nous ring  all  around  tlie  body  of  the  Moon.  When 
the  change  happens  within  17  degrees  of  ihc  node, 
and  the  Moon  at  her  mean  distance  from  the  Karth,  1 
the  point  of  her  iJiadoiv  just  touches  the  liarlh,  and  ] 
(ihe eclipses  theSun  lotallytothat  small  ^potwhucon  j 
licr  shadow  Ijllb ;  but  tlie  darkne^is  is  not  of  a  mo-  | 
mcnt's  coniiiiuance. 

335.  The  Mooii'sapparent diameter, when  largesl,  I 
exceeds  die  iSim's  when  least,  only 
uUHiiw   seconds  of  a  degree:  and  in  the  greatest  eclipse  of'. 
BcsofUie  the  Sun  that  can  happen  at  any  lime  and  place,  the  ■ 
^'^         totiil  darkness  contiimcs  no  longer  than  «'hile  tiie 
Moon  is  going  I  minute  38  seconds  from  ihe  Sun 
in  her  orbit ;  \vhich  is  about  3  minutes  and  13  se- 
conds of  an  hour. 
Tolmw         334.  The  Moon's  tlark  shadow  covers  only  a  spot  ■ 
much  of    on  the  tarih's  surface,  abonl  IHQ  Jinff/w'i  niileaf 
the  Su"*"  broad,  when  the  Mooii's  diameter  appears  largest,- 1 

ulfyor  ■  Aiijiough  the  Sun  and  Moon  are  sphciical  bodies,  \ 

^f\      A     "^*'"  ''''""  ^'^  Kanli  tlity  jppear  lo  be  circular  pbnca  i  .ii)d.-l 
"wwe       sy  would  the  Enrlli  du,  if  il  were  seen  fruni  Uu-  Moon.  Tht,  ] 

appiii-cntly  flat  siirfaceB  of  tlic  Sun  and  Moon  uie  callnl  ibcir  ] 

r/iaei  by  astronomer  a. 
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Ri>d  the  Sun^s  least ;  and  the  total  darkness  can  ex-  Plate  xi. 
tend  no  farther  than  the  dark  shadow  covers.  Yet 
the  jyioon's  partial  shadow  or  penumbra  may  then 
cover  a  circular  space  4900  miles  diameter,  within 
all  which  the  Sun  is  more  or  less  eclipsed^  as  the 
places  are  less  or  more  distant  from  the  centre  of  the 
penumbra.  When  the  Moon  changes  exactly  in  the 
node,  the  penumbra  is  circular  on  the  Earth  at  the 
middle  of  the  general  eclipse ;  because  at  that  time 
it  falls  perpendicularly  on  the  Earth's  surface :  but, 
at  every  other  moment  it  falls  obliquely,  and  will 
therefore  be  elliptical,  and  the  more  so,  as  the  time 
is  longer  before  or  after  the  middle  of  the  general 
eclipse;  and  then,  much  greater  portions  of  the 
Earth's  surface  are  involved  in  the  penumbra. 

335.  When  the  penumbra  first  touches  the  Earth,  Duration 
the  general  eclipse  begins !  when  it  leaves  the  Earth,  of  ffcneral 
the  general  eclipse  ends :  from  the  beginning  to  the  cuiw  ^Sp- 
end the  Sun  appears  eclipsed  in  some  part  of  the  ses. 
Earth  or  other.    When  the  penumbra  touches  any 
place,  the  eclipse  beghis  at  that  place,  and  ends  when 

the  penumbra  leaves  it.  When  the  Moon  changes 
in  the  node,  the  penumbra  goes  over  the  centre  of 
the  Earth's  disc  as  seen  from  the  Moon  ;  and  con- 
sequently by  describing  the  longest  line  possible  on 
the  Earth,  continues  the  longest  upon  it;  namely, 
at  a  mean  rate,  5  hours  50  minutes :  more,  if  the 
Moon  be  at  her  greatest  distance  from  the  Earth, 
because  she  then  moves  slowest ;  less,  if  she  be  at 
her  least  distance,  because  of  her  quicker  motion. 

336.  To  make  the  last  five  articles  and  several  Fiir.  IL 
other  phenomena  plainer,  let  S  be  the  Sun,  E  the 
Earth,  M  the  Moon,  and  AMP  the  Moon's  orbit. 
Draw  the  right  line  IVc  12  from  the  western  side 

of  the  Sun  at  JF^  touching  the  western  side  of  the 
Moon  at  r,  and  the  Earth  at  12 :  draw  also  the  right 
line  Fd  12  from  the  eastern  side  of  tlie  Sun  at  Fy 
touching  the  eastern  side  of  the  Moon  at  t/,  and  the 


d»rk  sh»- 
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Earth  at  12:  die  dark  space  rr  12  rf  included  bo 
nveeii  those  lines  in  the  Moon's  siiadow,  ending  \n, 
a  ixiinl  at  12,  where  it  touches  the  Karth ;  bccauss 
in  tills  case  the  Moon  is  suppostt]  lo  change  at  A{ 
m  the  middle  between  ./  the  apogee,  or  tarihest 
point  of  Ix-r  orbit  from  the  Karlh,  and  P  the  peri- 
gee,  or  nearest  point  to  it.  For,  Iiad  the  point  t 
been  al  JI/,  the  Moon  had  been  nearer  llie  iiartli » 
and  her  dark  shadow  at  e  Avould  haie  covered  a 
space  upon  it  about  180  miles  broad,  and  the  Sutx 
would  have  bten  totally  darkened,  as  at^  (Fig.  1,) 
with  some  contiimancc  ;  but  hud  the  point .-/  (I'ig. 
II,)  bcin  ;it  M,  the  Moon  would  have  been  farther 
from  the  liarth,  and  her  shadow  would  haie  ended 
in  a  point  about  r,  and  therefore  the  Sun  would  ha\c 
appeared,  as  at  B  (Fig.  I.),  like  a  luminous  ring;  all 
around  the  Moon.  Draw  the  right  lines  IV  Xdlt 
anci  V Xeg,  touching  the  contniry  sides  of  the  Hun 
and  Moon,  and  ending  on  the  Larth  at  a  and  h: 
draw  also  the  right  line  H  XM  12,  from  the  centre 
of  the  Sun's  disc,  through  the  Moon's  centre,  to 
th--  F.arth  at  12;  and  suppose  the  two- former  lines 
fVXdh  and  l-' Xcg  to  revolve  on  iht  line  SXM 
12  as  an  axis,  and  their  points  a  and  h  w  ill  describe 
the  limits  of  the  penumbra  T'f  on  tlie  Earth's  sur- 
face, including  die  Uirgc  space  «  0  4  12  a,  withiu 
which  the  Sun  appears  more  or  less  eclipsed,  as  Uie' 
places  are  more  or  less  distant  from  the  verge  oj 
the  penumbra  a  0  /<. 

Draw  ihe  ri^hi  line  i/  12  across  the  Sun's  disc, 
perpendicular  to  SX^/,  the  axis  of  the  jKnumbra: 
then  divide  the  Une  y  12  into  twelve  ecjual  parts,  as 
in-the  figure,  for  the  twelve*  digits  of  the  faun's 
diameter:  iind  at  ctiiial  distances  from  the  ctnire  of 
the  penumbra  at  12  (on  the  Eiirth's  surface  Yi')  to 
its  edge  aO  6,  draw  twebe  concentric  circles,  as 
marked  with  the  numeral  figimrs  1,  2,  5,  4,  Sec.  and 

•  A  digit  U  a  twelfth  pan  of  the  diaineter  of  tlie  Sun  or 
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remember  that  the  Moon's  motion  in  her  orbit  ^'^'^  ^^• 
A  M  P  k  from  west  to  east,  as  from  s  to  /.    Then, 

To  an  observer  on  the  Earth  at  ^,  the  eastern  ThedifTer^ 
limb  of  the  Moon  at  d  seems  to  touch  the  western  ^Jl^  ph-jae* 
limb  of  the  Sun  at  W,  when  the  Moon  is  at  Af ;  eciVsJc.  ^ 
and  the  Sun's  ecHpse  begins  at  ^,  appearing  as  at 
A  in  Fig.  Ill,  at  the  left  hand ;  but  at  the  same 
moment  of  absolute  time  to  an  observer  at  a  in 
Fig.  II,  the  western  edge  of  the  Moon  at  c  leaves 
the  eastern  edge  of  the  Sun  at  T,  and  the  eclipse 
ends,  as  at  the  right  hand  C  of  Fig.  III.  At  the 
very  same  instant,  to  all  those  who  live  on  the  cir- 
cle marked  1  on  the  Earth  E  in  Fig.  II.  the  Moon 
M  cuts  oflF  or  darkens  a  twelfth  part  of  the  Sun  S, 
and  eclipses  him  one  digit,  as  at  1  in  Fig.  Ill :  to 
those  who  live  on  tfie  circle  marked  2  in  Fig.  II, 
ihe  Moon  cuts  off  two  twelfth  parts  of  the  Sun, 
as  at  2  in  Fig.  Ill :  to  those  on  the  circle  3,  three 
parts ;  and  so  on  to  the  centre  at  1 2  in  Fig.  II, 
where  the  Sun  is  centrally  eclipsed  as  at  j8  in  the 
middle  of  Fig.  Ill ;  under  which  figure  there  is  a 
scale  of  hours  and  minutes,  to  shew,  at  a  mean  rate,  ^*^'  "•• 
how  long  it  is  from  the  beginning  to  the  end  of  a 
central  eclipse  of  the  Sun  on  the  parallel  of  London  ; 
and  how  many  digits  are  eclipsed  at  any  particular 
time  from  the  beginning  at  A  to  the  middle  at  Z?,  or 
the  end  at  C  Thus,  in  1 6  minutes  from  the  be- 
ginning, the  Sun  is  two  digits  eclipsed  ^  in  an  hour 
and  five  minutes,  eight  digits ;  and  in  an  hour  and 
thirty-seven  minutes,  12  digits. 

337.  By  Fig.  II,  it  is  plain,  that  the  Sun  is  total- fi^.  a 
ly  or  centrally  eclipsed  but  to  a  small  part  of  the 
Earth  at  any  time ;  because  the  dark  conical  shadow 
e  of  the  Moon  M  falls  but  on  a  small  part  of  the 
Earth  :  and  that  a  partial  eclipse  is  confined  at  that 
time  to  the  space  included  by  the  circle  ^i  0  ^,  of 
which  only  one  half  can  be  projected  in  the  figure, 
the  other  half  being  supposed  to  be  hid  by  the  con- 
vexity of  the  Earth  £ ;  and  likewise^  that  no  par^ 
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:  of  the  Sun  is  eclipsed  to  the  large  space  7*3"  of  th«'' 

Earth,  because  the  Moon  is  not  between  the  Sun  and 
'■  any  of  thatpartof  the  Earth:  and  therefore  to  all  that 
part  the  eclipse  is  invisible.  The  Earth  turns  east- 
'"  ward  nn  its  axis,  as  ironi  g  to  h,  ■which  is  the  same 
'■  way  that  the  Moon's  shadow  moves;  but  the  Moon's 
motion  is  much  swifter  in  her  orbit  from  ^  to  /  .-  and 
therefore,  although  eclipses  of  the  Sun  are  of  longer 
duration  on  account  of  the  Earth's  motion  on  its 
axis  than  they  would  beif  that  motion  was  stopt,  yet 
in  four  minutes  of  time  at  most  the  Moon's  swifter 
motion  carries  her  dark  shadow  quite  over  any  place 
that  its  centre  touches  at  the  time  of  greatest  obscu- 
ration. Theraotionofthe  shadow  on  the  Earth's  disc 
is  equal  to  the  Moon's  motion  from  the  Sun,  which 
is  about  30i-  nunutes  of  a  degree  every  hour  at  a 
mean  rate;  but  so  much  ofthe  Moon's  orbit  is  equal 
10  30-  degrees  of  a  great  circle  on  the  Earth,  §  SSJOj 
and  therefore  the  Moon's  shadow  goes  30J-  degrect 
or  iSflOgecigraphical  miles  on  iheEarih  in  an  hour, 
or  SOI  miles  in  a  minute,  which  is  almost  four  times 
as  swift  a3  the  motion  of  a  cannon  ball. 

338.  As  seen  from  the  Sun  or  Moon,  the  Earth's 
axisappears  differem  I  y  inclined  every  day  ofthe  year, 
on  account  of  keeping  its  parallelism  throughout  its 
annual  course.    Let  E^  D,  0,  TV^,  be  the  Earth  at  the 
two  equinoxes,  and  the  two  solsiicts,  A^S  its  axis,  N 
the  north  pole,  S  the  south  pole,  J^.  Q  the  equator, 
7"  the  tropic  of  Cancer,  /  the  tropic  of  Capricorn, 
and  ABC  the  circumference  of  the  Earth's  enlight- 
ened disc  as  seen  from  the  Sun  or  new  Moon  at  these 
■■  limes.  The  Earth's  axis  has  the  position  NES  at 
the  vernal  equinox,  lyinj;  toward  the  right  hand,  as 
n  seen  from  the  Snn  or  new  Moon  ;  its  poles  JVard  S 
"■faeing  then  in  the  circumference  ofthe  disc  ;  and  the 
nt  equator  and  all  its  parallels  seem  to  be  straight  lines, 
because  their  planes  pass  through  the  observer's  eye 
looking  down  npon  the  Earth  from  the  Sun  or  Moon 
directly  o^i:r  E,  where  the  ecliptic  EG  intersects  the  ' 
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equator  ^  Q.  At  the  summer  solstice,  the  Earth's 
axis  has  the  position  NDS;  and  that  part  of  the  eclip- 
tic FGy  in  which  the  Moon  is  then  new,  touches  the 
tropic  of  Cancer  T  at  D.  The  north  pole  N  at  that 
time  inclining  23  i  degrees  toward  the  Sun,  falls  so 
many  degrees  within  the  Earth's  enlightened  disc, 
because  the  Sun  is  then  vertical  to  Z),  23  v  degrees 
north  of  the  equator  jiE  Q;  and  the  equator,  with  all 
its  parallels  seem  elliptic  curves  bending  downward, 
or  toward  the  south  pole,  as  seen  from  the  Sun: 
which  pole,  together  with  235  degrees  all  round  it, 
is  hid  behind  the  disc  in  the  dark  hemisphere  of  the 
Earth.  At  the  autumnal  equinox,  the  Earth's  axis 
has  the  position  NOSj  lying  to  the  left  hand  as  seen 
from  the  Sun  or  new  Moon,  which  are  then  vertical 
to  0,  where  the  ecliptic  cuts  the  equator  JE  Q.  Both 
poles  now  lie  in  the  circumference  of  the  disc,  the 
north  pole  just  going  to  disappear  behind  it,  and  the 
south  pole  just  entering  into  it ;  and  the  equator  with 
all  its  parallels  seem  to  be  straight  lines,  because  their 
planes  pass  through  the  observer's  eye,  as  seen  from 
the  Sun,  and  very  nearly  so  as  seen  from  the  Moon. 
At  the  winter  solstice,  the  Earth's  axis  has  the  position 
NNS  ;  when  its  south  pole  S  inclining  235  degrees 
towards  the  Sun,  falls  23  degrees  within  the  enlight- 
ened  disc,  as  seen  from  the  Sun  or  new  Moon,  which 
are  then  vertical  to  the  tropic  of  Capricorn  /,  23 '  de- 
grees south  of  the  equator  J^Q;  and  the  equator  with 
all  its  parallels  seem  elliptic  curves  bending  upward  ; 
the  north  pole  being  as  far  behind  the  disc  in  the 
dark  hemisphere,  as  the  south  pole  is  come  into  the 
light.  The  nearer  that  any  time  of  the  year  is  to 
the  equinoxes  or  solstices,  the  more  it  partakes  of  the 
phenomena  relating  to  them. 

339.  Thus  it  appears,  that  from  the  vernal  equi- 
nox to  the  autumnal,  the  north  pole  is  enlightened  ; 
and  the  equator  and  all  its  parallels  appear  elliptical 
as  seen  from  the  Sun,  more  or  less  curved  as  the 
time  is  Clearer  to  or  farther  from  the  summer  sol- 
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PUiic  XI.  jti^g  ;  auij  ijending  downward,  or  toward  the  8ou(^j* 
VuriLiij     pole;  the  reverse  of  wliich  happens  from   the  au» 
I"f'iilc"'"^   lumnal  equinox  to  the  vernal.    A  little  consideration 
E:iiiii'i     will  be  sufficient  to  convince  the  reader,  that  the 
It'cn  "rZm  Earth's  axis  inclines  toward  the  Sun  at  the  summei 
ih*  5>in  at  solstice  ;  from  the  Sun  at  the  winter  solstice  ;  and 
jiiikrptit    sidenrjge  to  the  Sun  at  the  equinoxes;  but  toward 
iiic  ye»r,    the  right  hand,  as  seen  from  the  Sun  at  the  vemi ' 
equinox  ;  and  toward  the  left  hand  at  the  autumna 
From  the  winter  to  the  summer  solstice,  the  Earih' 
axis  inclines  more  or  less  lo  the  right  hand,  as  seen 
from  the  Sun ;  and  the  contrary  from  the  summer 
to  the  winter  solstice. 
u  iwtticse      340.    The  diSereni  positions  of  the  Earth's  axis, 
■fftcisolar^  seen  from  the  Sun  at  different  times  of  the  year> 
ckiigid.    aflFect  solar  eclipses  greatly  with  regard  to  particular 
places  ;  yea  so  far  as  would  make  central  eclipses 
which  fall  at  one  time  of  the  year,  invisible  if  they 
had  fallen  at  another  ;  even  though  the  Moon  should 
always  change  in  the  nodes,  and  at  the  same  hour  c^ 
the  day  :  of  which  indefinitely  various  affections,  vr^ 
shall  only  give  examples  for  the  times  of  the  cquJ* 
noxes  and  sols!  ices. 
r.e-  iv.        In  the  samcdiagram,  let  FG  be  part  of  the  eclip- 
tic, and  I K,  i  k,  i  k,  i  k,  part  of  the  Moon's  orbit ; 
both  seen  edgewise,  and  therefore  projected  nito  right 
lines ;  and  let  the  intersections  jY,  0,  D,  E,  be  one 
and  the  same  nodes  at  the  above  limes,  when  the 
Earth  has  the  forementioned  di^erent  positions;  and 
let  the  space  included  by  the  circles,  P,  p,  /,  ^,  bs 
(he  penumbra  at  these  times,  as  its  centre  is  passing 
over  the  centre  of  the  Earth's  disc.     At  the  winter 
solstice,   when  the    Earth's  axis  has  the  position 
N  N  S,  the  centre  of  the  penumbra  P  touches  the 
tropic  of  Capricorn  /  in  N  at  the  middle  of  the  ge- 
neral eclipse  ;  but  no  part  of  the  penumbra  (ouche* 
the  tropic  of  Cancer  T.     At  the  summer  solstice, 
when  the  Earth's  axis  has  the  position  I^  DS  C'^  ^ 


nalH 

h^ 


Of  Eclipses.  31 J 

being  then  part  of  the  Moon's  orbit,  whose  node  is 
at  D),  the  penumbra  p  has  its  centre  at  D,  on  the 
tropic  of  Cancer  T",  at  the  middle  of  the  general 
edipse,  and  then  no  part  of  it  touches  the  tropic  of 
Capricorn  /•  At  the  autumnal  equinox,  the  Earth's 
axis  has  the  position  NOS (^iO  k  being  then  part 
of  the  Moon's  orbit),  and  the  penumbra  equally  in- 
cludes part  of  both  tropics  Tand  /  at  the  middle  of 
the  general  eclipse :  at  the  vernal  equinox  it  does 
the  same,  because  the  Earth's  axis  has  the  position 
NE  S :  but  in  the  former  of  these  two  last  cases, 
the  penumbra  enters  the  Earth  at  jij  north  of  the 
tropic  of  Cancer  T,  and  leaves  ii  at  m,  south  of  the 
tropic  of  Capricorn  /  /  having  gone  over  the  Earth 
obliquely  southward,  as  its  centre  described  the  line 
AO  m:  whereas,  in  the  latter  case,  the  penumbra 
touches  the  Earth  at  »,  south  of  the  equator  JE  Q^ 
and  describing  the  line  tiEq  (similar  to  the  former 
line  ^  0  xn  in  open  space)  goes  obliquely  northward 
over  the  earth,  and  leaves  it  at  ^,  north  of  the  equa- 
tor. 

In  all  these  circumstances,  the  Moon  has  been 
supposed  to  change  at  noon  in  her  descending  node : 
bad  she  changed  in  her  ascending  node,  the  pheno- 
mena would  have  been  as  various  the  contrary  way, 
with  respect  to  the  penumbra's  going  northward  or 
southward  over  the  Earth.  But  because  the  Moon 
changes  at  all  hours,  as  often  in  one  node  as  in  the 
other,  and  at  all  distances  from  them  both  at  diflfer* 
ent  times  as  it  happens,  the  variety  of  the  phases  of 
eclipses  are  almost  innumerable,  even  at  the  same 
places;  especially  considering  how  variously  the 
same  places  are  situate  on  the  enlightened  disc  of  the 
Earth,  with  respect  to  the  penumbra's  motion,  at  the 
different  hours  when  eclipses  happen. 

S4) .  When  the  Moon  changes  1 7  degrees  short  How 
of  her  descending  node,  the  penumbra  P  1 8  just  ^]]^^^! 
touches  the  northern  part  of  the  Earth's  disc,  near  i.t:iuhra 

{^  .  falhcntltt 
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■""■"^I  ^'    th«  north  pole  A',-  and  as  seen  from  that  place  tl 
liaiatices  Moon  appears  to  touch  the  Sun,  but  hides  no  pal 
roiii  iiie  of  him  from  sight.     Had  the  change  been  as  il 
short  of  the  ascending  node ;  the  penumbra  wouN 
have  touched  the  southern  part  of  the  disc  near  tB 
south  pok'  S.  When  the  Moon  changes  12  degrej 
short  of  the  descending  node,  more  than  a  third  pu 
of  the  penumbra  P  1 2  falls  on  the  northern  parts  d 
the  Earth  at  the  middle  of  the  general  eclipse :  ha| 
she  changed  as  far  past  the  same  node,  as  much  o' 
theoiher  side  of  the  penumbra  about  i*  would  ha 
fallen  on  the  southern  part  of  the  Earth ;  all  the  n 
in  (he  cxpansum  or  open  space.     When  the  Moi 
changes  6  degrees  from  the  node,  almost  the  wbote  1 
penumbra  Pii  falls  on  the  Earth  at  the  middle  of  the  ] 
general  eclipse.  And  lastly,  when  thcMoon  changCi  I 
in  the  node  at  iV,  the  penumbra  P  N  takes  the  long^  J 
est  course  possible  on  the  Earth's  disc }  its  centre  ] 
falling  on  the  middle  of  it,  at  the  middle  of  the  go- 
nerai  eclipse,    'i'he  farther  the  Moon  changes  from 
cither  node,  within  1 7  degrees  of  It,  the  shorter  is 
the  penumbra's  continuance  on  the  Earth,  because 
it  goes  over  a  less  proportion  of  the  disc,  as  is  evi- 
dent by  the  figure. 
Buii's  ^*^'  ^''^  nearer  that  the  penumbra's  centre  is  ta 

um^i      the  equator  at  the  middle  of  ihe  general  eclipse,  the 
TuiUns  'onger  is  the  duration  of  the  eclipse  at  all  those 
•  di.ra-  places  where  it  is  central ;  because,  the  nearer  that 
Ttl\\  '°'3ny  place  is  to  the  equator,  the  greater  is  the  circle 
s.  which  It  describes  by  the  Earth's  motion  on  its  axis;  and 
Itih'"'i  ^'^'  ''^^  place  moving  quicker,  keeps  longer  in  the 
r  circle*,  pcuumbra,  whose  motion  is  the  same  way  with  thai  i 
pf  the  place,  though  faster,  as  has  been  already  , 
mentioned,  §  337.    Thus  (see  the  Earth  at  D  and  J 
the  penumbra  at  12)  while  the  point  It  in  the  poIarS 
circle  a  b  cd  is  carried  from  ^  to  c  by  the  Earrh'J 
diurnal  motion,  the  point  d  on  the  tropic  of  Cancer! 
T  is  carried  a  much  greater  length  from  dto  D.'  ' 
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and  therefore,  if  tbepenumbra's  centre  shouldgoone 
rime  over  c,  and  another  time  over  Z>,  the  penumbra 
will  be  longer  in  passing  over  the  moving-piace  t/, 
than  it  was  in  passing  over  the  movtng-place  /'.  Con- 
sequently, central  eclipses  about  the  poles  are  of  the 
shortest  duration }  and  about  the  equator  of  the 
longest. 

343.  In  the  middle  of  summer,  the  whole  frigid  *" 
zone,  included  by  the  polar  circle  abc  el,i&  enlight- mi 
ened  ;  and  if  it  then  happens  that  the  penumbra's^"' 
centre  passes  over  the  north  pole,  the  Sun  will  be  «i 
eclipsed  much  the  same  number  of  digits  at  a  as  at  '^' 
■  e ;  but  while  the  penumbra  moves  eastward  over  r,"^ 
it  moves  westward  over  u,  because,  with  respect  to 
the  penumbra,  the  motions  of  a  and  c  are  contrary: 
for  c  moves  the  same  way  with  the  penumbra  toward 
</,  but  amoves  the  contrary  way  toward  ^;  and  there- 
fore the  eclipse  will  be  of  longer  duration  at  c  than 
ftt  a.    At  a,  the  eclipse  begins  on  the  Sun's  eastern 
limb,  but  at  c,  on  his  weElern  :  at  all  places  lying 
without  the  polar  circles,  the  Sun's  eclipses  begin 
,on  his  western  Itmb,  or  near  it,  and  end  on  or  near 
his  eastern.    At  those  places  where  the  penumbra 
touches  the  earth,  the  eclipse  begins  with  the  rising 
San,  on  the  top  of  his  western  or  uppermost  edge; 
and  at  thjse  places  where  the  penumbra  leaves  the 
JCarth,  the  eclipse  ends  with  the  setting  Sun,  on  the  ' 
top  of  his  easttm  edge,  which  is  then  the  uppermost, 
just  at  its  disappearing  on  the  horizon. 

344.H'theMoonweresurroundcdbyanattnospberc"'''" 
of  any  considerable  density,  it  would  seem  to  touch  4" 
the  Sun  a  little  before  the  Moon  made  her  appulse 
to  his  edge,  and  we  should  see  a  little  fainmess  on 
that  edge  before  it  was  eclipsed  by  the  Moon:  but 
as  no  such  faintuess  has  been  observed,  at  least  .so 
iar  as  I  have  ever  hc^ard,  it  seems  plain,  that  the 

£ion  has  no  such  atmosphere  as  that  ot  the  Karth. 

'  |foint  ring  of  light  surraunding  the  Sun  in  to- 
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f'  tal  eclipses,  called  by  Cassini  la  Cheveture  du 
Soldi,  aeems  to  be  the  atmosphere  of  the  Sun  ;  be- 
cause it  has  been  observed  lo  move  equally  with  the. 
Sun,  not  with  "the  Moon.  i 

345.  Having  said  so  much  about  eclipses  of  thei 
Sun,  we  shall  drop  that  subject  at  present,  and  pro, 
ceed  to  the  doctrine  of  lunar  eclipses:  which,  bein^, 
more  simple,  may  be  explained  in  less  time.  , 

'"^  That  the  Moon  can  never  be  eclipsed  but  at  the 
'  time  ot  her  being  full,  and  the  reason  why  she  ir, 
not  eclipsed  at  every  full,  has  been  shewn  already,, 
§  3 1 G,  3 1 7-  Let  S  be  the  Sun,  £  the  Earth,  RR 
the  Earth's  shadow,  and  B  the  Moon  in  oppo»tion  _' 
to  the  Sun  ;  in  this  situation  the  Earth  inforcepts 
the  Sun's  light  in  its  way  Co  the  Moon  :  and  when 
thf  Moon  touches  the  Earth's  shadow  at  i;  she  be- 
gins to  be  eclipsed  on  her  eastern  limb  x,  and  con- 
tinues eclipsed  until  her  western  limb  y  leaves  the 
shadow  at  w;  at  B  she  is  in  the  middle  of  the 
shadow,  and  consequently  in  the  middle  of  th« 
eclipse. 

34G.  The  Moon  when  totally  eclipsed  is  not  in. 
visible,  if  she  be  above  the  horizon,  and  the  sky  be 
clear  ;  but  appears  generally  of  a  dusky  colour  like 
tarnished  copper,  which  some  have  thought  to  bo 

la  the  Moon's  native  hght.    But  the  true  cause  of  her 

'  being  visible  is  the  scattered  beams  of  the  Sun,  bent 
intoUieEarth'sshadowbygoing  through  the  atmos- 
phere; whichjbeing  more  dense  near  the  Earth  than 
at  considerable  heights  above  it,  refracts  or  bends 
thcSun's  rays  more  inward,  §  179;  and  those  which 
pass  nearest  the  Earih's  surface,  are  bent  more  than 
those  rays  which  go  through  higher  parts  of  the  at- 
mosphere, where  it  is  less  dense,  until  it  be  so  thin 
or  rare  as  lo  los«  its  refractive  power.  Let  the 
cirrte_/"^  i  (,  concentric  to  the  Eanh,  include  tbe, 
atmosphere^  whose  refractive  power  vanishes  at  thi 
heights  /and  /;  so  that  the  rays  W/w  and  V ' 
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go  on  straight  M^ithout  suffering  the  least  refraction.  Plate  xi. 
But  all  thosarays  which  enter  the  atmosphere,  be- 
tween/  and  /*,  and  between  i  and  /,  on  opposite 
sides  of  the  Earth,  are  gradually  more  bent  inward  as 
they  go  through  a  greater  portion  of  the  atmosphere, 
until  the  rays  W  k  and  V I  touching  the  Earth  at  m 
and  ;z,  are  bent  so  much  as  to  meet  at  q^  a  little 
short  of  the  Moon  ;  and  therefore  the  dark  shadow 
of  the  Earth  is  contained  in  the  space  m  o  q  p  rtj 
where  none  of  the  Sun's  rays  can  enter  :  all  the  rest 
R  Rj  being  mixed  by  the  scattered  rays  which  are 
refracted  as  above,  is  in  some  measure  enlightened 
by  them ;  and  some  of  those  rays  falling  on  the 
Moon,  give  her  the  colour  of  tarnished  copper,  or 
of  iron  almost  red-hot.  So  that  if  the  Earth  had  no 
atmosphere,  the  Moon  would  be  as  invisible  in  to- 
tal eclipses  as  she  is  when  new.  If  the  Moon  were 
so  near  the  Earth  as  to  go  into  its  dark  shadow,  sup- 
pose about  p  Oj  she  would  be  invisible  during  her 
stay  in  it ;  but  visible  before  and  after  in  the  fainter 
shadow  R  R. 

347.  When  the  Moon  goes  through  the  centre  of  why  th-t 
the  Earth's  shadow,  she  is  directly  opposite  to  the  ^J''^*'^ 
Sun :  yet  the  Moon  has  been  often  seen  totally  eclips-  siineUmes 
ed  in  the  horizon  when  the  Sun  was  also  visible  in  ^^^J^'^^®^^ 
the  opposite  part  of  it :  for,  the  horizontal  refraction  M«»n  ik 
being  almost  34  minutes  of  a  degree,  §181,  and  the  J.^'^f  ,*^. ^ 
diameter  of  the  Sun  and  Moon  being  each  at  a  mean  ^  ^  '^'"^  ' 
state  but  32  minutes,  the  refraction  causes  both  lu* 
minaries  to  appear  above  the  horizon  when  they  are 

really  below  it,  §  179. 

348.  When  the  Moon  is  full  at  1 2  degrees  from  r;-.  v. 
either  of  her  nodes,  she  just  touches  the  Earth's  sha- 
dow, but  enters  not  into  it.     Let  G  H  be  the  eclip- 
tic, ef  the  Moon's  orbit  where  she  is   12  degrees 
from  the  node  at  her  fiill ;  c  dher  orbit  where  she  is 

6  degrees  from  the  node;  a  b  her  orbit  where  she  w 
ftiU  in  the  nodej  A  B  the  Earth's  shadow,  and  M 
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Duration  the  Moon.     When  the  Moon  describes  the  line  ef, 
tciipKsof^^*  j"^^  touches  ih€  shadow,  but  does  not  enter  intaj 
Ike  Moon,  it ;  whcH  she  describes  the  line  c  d,  she  is  totally 
though  not  centrally  immersed  in  the  shadow  ;  i 
when  she  describes  the  line  a  b,  she  passes  by  thi 
node  at  M  in  the  centre  of  the  shadow  ;  and  takei 
the  longest  line  possible,  which  is  a  diameter,  througfij 
it:  and  such  an  eclipse  being  both  total  and  central] 
is  of  the  longest  duration,  namely,  S  hours  ^7  nUfJ 
nutes  6  seconds  from  the  beginning  to  the  end,  ijq 
the  Moon  be  at  her  greatest  distance  from  the  Earth^l 
and  3  hours  37  minutes  ^6  seconds,  if  she  be  atl 
her  least  distance.     The  reason  of  this  dilference  \ 
is,  that  when  the  Moon  is  farthest  from  the  Earth, 
she  moves  the  slowest  \  and  when  nearest  to  it,  the 
quickest. 
liigits-         349.  The  Moon's  diameter,  as  well  as  the  Sun's, 
is  supposed  to  be  di'vided  into  twelve  equal  parts, 
called  dibits  ;  and  so  many  of  these  parts  as  are 
darkened  by  the  Earth's  shadow,  so  many  djijits  is 
the  Moon  eclipsed.     All  ihat  ihe  Moon  is  eclipsed 
above  1 2  digits,  shew,  how  far  the  shadow  of  the 
Earth  is  over  the  body  of  the  Moon,  on  t}iat  edge 
to  which  she  is  nearest  at  the  middle  of  the  eclipse. 
Why  the        350.  It  is  difficult  to  observe  exactly  either  the 
^^^^""Ij'^f. beginning  or  ending  of  a  lunar  eclipse,  even  with  a 
a  lunar      good  tclcscope ;  becHuse  the  Earth's  shadow  is  so 
bsouiffi    faint  and  ill-deftned  about  the  edges,  that  when  the 
ciiH  10  bs  Moon  is  either  just  touching  or  leaving  it,  the  ob- 
«rrTb'  scuration  of  her  limb  is  scarce  sensible  ;  and  iherc- 
•i^'vixion.  fore  the  nicest  observers  can  hardly  be  certain  to  se- 
veral seconds  of  time.     But  both  the  beginning  and 
ending  of  solar  eclipses  are  visibly  instantaneous : 
for  the  moment  that  the  edge  of  the  Moon's  disc 
touches  the  Sun's,  his  roundness  seems  a  little  broken 
on  that  part  \  and  the  moment  she  leaves  it,  he  ap> 
pears  perfectly  round  again. 
Tbenseof     351.  Inaslronomy,  eclipses  of  the  Moon  are  of 
iTMi*".    great  use  for  ascertaining  the  periods  of  her  motions  ; 
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especially  such  eclipses  as  are  observed  to  be  alike  in  k> 
all  circumstances,  and  have  long  intervals  of  time^i 
between   them.     In  geography,  the  longitudes  of  it 
places  are  found  by  eclipses,  as  already  shewn  in  the 
eleventh  chapter.    In  chronology,  both  solar  and  lu- 
nar eclipses  serve  to  detennine  exactly  the  time  ot 
any  past  event:  for  there  are  so  many  particulars  ob- 
servable in  every  eclipse,  with  respect  to  its  quanti- 
ty, the  places  where  it  is  viiible  (if  of  the  Sun,)  and 
the  time  of  the  day  or  night ;  that  it  is  impossible 
there  can  be  two  solar  eclipses  in  the  course  of  ma- 
ny ages  which  are  alike  in  all  circumstances. 

352.  From  the  above  explanation  of  the  doctrine '''' 
of  eclipses,  it  is  evident  that  the  darkness  at  our  Sa-"u 
vigor's  crucifixion  was  supernatural.     For  he  suf-  "■ 
fered  on  the  day  on  which  the  passover  was  eaten  by  ", 
the  Jewi,  on  which  day  it  was  impossible  that  tt^tu 
Moon's  shadow  could  fall  on  the  Earili;  for  the  Jews 
kept  the  passover  at  the  time  of  full  Moon;  nor  does 
the  darkness  in  total  eclipses  of  the  Sun  last  above 
four  minutes  in  any  place,  §  333,  whereas  the  dark- 
ness at  the  crucifixion  lasted  three  hours,  Mali. 
xxviii.  15.  and  overspread  at  least  atl  the  land  of 
Jitdui. 
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CHAP.  XII. 

Shewing  the  Prind/>/cj  on  which  the  folkwing  jiitro- 
nomical  Tables  are  constructed,  and  the  Method  o/" 
fijJctilating  the  Timcj  of  New  and  Full  Moans  and 
Eclipses  by  them. ' 

'^_v  '  I  ^HE  nearer  that  any  object  is  to  the  eye  of 
■  '  M_  an  observer,  the.  greater  is  the  angle  un- 
der which  it  appears:  the  fanher  Irom  thee>e,  the  less. 

'I'he  diameters  of  the  Sun  and  Moon  subtend  dif- 
ferent angles  at  dilFerent  times.  And  at  equal  in- 
tervals of  time,  these  angles  are  once  at  the  greatest, 
and  once  at  the  least,  in  somewhat  more  than  a  com- 
plete revolution  of  the  luminary  through  the  eclip- 
tic, from  any  given  fixed  star  to  the  same  sta> 
again. — ^I'his  proves  that  'the  Sun  and  Moon  arc 
constantly  changing  their  distances  from  ihe  Earth; 
and  that  they  are  once  at  their  greatest  distance  and 
once  at  their  least,  in  little  more  than  a  complete  re" 
volution. 

The  gradual  differences  of  these  angles  are  not 
what  they  would  be,  if  the  luminaries  moved  in 
circular  orbits,  the  Earth  being  supposed  to  be 
placed  at  some  distance  from  the  centre  :  but  they 
agree periectly  with  elliptic  orbits,  supposing  the  low- 
er  jocus  of  each  orbit  to  be  at  theceniie  of  the  Earth.* 

The  (.iribesl  point  of  each  orbit  from  the  Earth's 
centre  is  called  the  apogee,  and  the  nearest  point  is 
called  ihe  perigee. — These  points  are  directly  oppo- 
site  to  each  other. 

Astronomers  divide  each  orbit  into  1 2  equal  parts 
c»lteil  signs  ;  each  sign  into  30  equal  pans,  called 
degrees  ;  each  degree  into  (iO  equal  parts,  called  mi- 
Hides  ;  and  every  minute  into  60  equal  parts,  called 
seconds.     The  distance  of  the  Sun  or  Moon  from 

•  The  Sun  is  in  ihe  focus  of  the  Ewrth'fl  orliii,  and  ll;c 
Eitrtli  ill  «r  iieni-  that  of  the  Moon's  orbit. 
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any  given  point  of  its  orbit,  is  reckoned  in  signs, 
degrees,  minutes,  and  seconds.  Here  we  mean  die 
distance  that  the  luminary  has  moved  through  from 
any  given  point ;  not  the  space  it  is  short  of  it  in 
coming  round  again,  though  ever  so  little. 

The  distance  of  the  Sun  or  Moon  from  its  apo- 
gee at  any  given  time  is  called  its  mean  anomaly  : 
so  that,  in  the  apogee,  the  anomaly  is  nothing ;  in 
the  perigee,  it  is  six  signs* 

The  motions  of  the  Sun  and  Moon  are  observed 
to  be  continually  accelerated  from  the  apogee  to  the 
perigee,  and  as  gradually  retarded  from  the  perigee 
to  the  apogee ;  being  slowest  of  all  when  the  mean 
anomaly  is  nothing,  and  swiftest  of  all  when  it  is 
six  signs. 

When  the  luminary  is  in  its  apogee  or  its  perigee, 
its  place  is  the  same  as  it  would  be,  if  its  motion 
were  equable  in  all  parts  of  its  orbit. — The  sup- 
posed equable  motions  are  called  mean  ;  the  unequa- 
ble arc  justly  called  the  true. 

The  mean  place  of  the  Sun  or  Moon  is  always  for- 
warder than  the  true  place*,  while  the  luminary  is 
moving  from  its  apogee  to  its  perigee ;  and  the  true 
place  is  always  forwarder  than  the  mean,  while  the 
luminary  is  moving  from  its  perigee  to  its  apogee. — 
In  the  former  case,  the  anomaly  is  always  less  than 
^x  signs ;  and  in  the  latter  case,  more. 

It  has  been  found,  by  a  long  series  of  observa- 
tions, that  the  Sun  goes  through  die  ecliptic,  from 
the  vernal  equinox  to  (he  same  equinox  again,  in 
365  days  5  hours  48  minutes  55  seconds :  from  the 
jfirst  star  of  Aries  to  the  same  star  again,  in  365  days 
6  hours  9  minutes  24  seconds:  and  from  his  apogee 
to  the  same  again,  in  365  days  6  hours  14  minutes 
O  seconds. — The  first  of  these  is  called  the  solar 

*  Tlie  point  of  the  ecliptic  in  which  tlie  Sun  or  Moon  is  at  any 
riven  moment  of  thne  b  called  ^'t  place  of  the  Sun  or  Mood  9.^ 
that  time. 
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year,  the  second  the  sidereal  year,  and  the  third 
anomaiistic  year.  So  that  the  solar  year  is  20  n^inutes 
29  seconds  shorter  than  the  sidereal;  and  thesidercal 
year  is  4  minutes  36  seconds  shorter  than  the  ano- 
malisiic. — Hence  it  ap;)ear3  that  the  equinoctial 
point,  or  intersection  if  Uie  ecliptic  and  equator  al 
the  be,?inning  of  Aries,  goes  backward  niili  icspeci 
to  the  fixed  stars,  and  lliat  the  Sun's  apogee  goes 
forward. 

It  is  also  observed,  that  the  Moon  goes  through 
her  orbit  from  any  given  fixed  star  to  the  same  star, 
again,  in  27  days  7  hours  43  minutes  4  seconds  at' 
u  mean  rate  :  from  1  ler  a|)ogee  to  her  apogee  again, 
in  27  days  13  hours  18  minutes  43  seconds:  and 
from  tlie  Sun  to  Uie  Sun  again,  in  29  days  12  hours 
44  minutes  SjV  seconds.  This  shews,  thai  tlie  Moon's 
apogee  moves  forward  in  the  ecliptic,  and  Oiat  at  a 
much  quicker  rate  tl^an  tlie  Sun's  apogee  does; 
since  the  Moon  is  5  hours  55  minutes  39  seconds 
longer  in  revolving  from  her  apogee  to  her  apogee 
again,  than  from  any  star  to  the  same  star  agam. 

The  Moon's  orbit  crosses  the  ecliptic  in  two  op- 
posite points,  which  are  called  her  nodes :  and  it  is^ 
observed  that  she  revolves  sooner  ironi  any  node 
the  same  node  again,  than  from  any  star  to  the  sai 
star  again,  by  2  hours  38  minutes  27  seconds;  whi 
shews  diat  her  nodes  move  backward,  or  com 
to  the  order  of  signs,  in  the  ecliptic. 

The  time  in  uhich  the  Moon  revolves  from 
Sun  to  die  Sun  again  (or  from  change  to  change 
called  a /unariofi;  which,  accordingto  Dr.  Pound's 
mean  measures,  would  always  consist  of  29day5  12 
hours  44  minutes  3  seconds  2  thirds  58  fourths,  if 
the  motions  of  the  Sun  and  Moon  were  alwaj  s  equa- 
ble*.— Hence,  12  mean  lunationb  contain  354  days 

•  We  have  thnuRht  proper  to  keep  bv  Dr.  Pound't  lengih  nf  a 
mean  lUDBt<on,  becau*  1  lis  ntinibcrs  n>itie  nearei'  to  the  bmes  of  the 
ateclipMs,  fiiaa  A^er%io,  widiout  allowing  tor  the  Moon'ii 
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8  hours  48  minuies  36  seconds  35  thirds  -iO  fourths, 
wliicb  is  10  days  21  hours  11  minutes  23  seconds 
24  tliirds  20  fourths  less  than  the  length  of  a  com- 
mon Julian  yeiir,  consisting  of  365  days  6  hours; 
and  13  mean  lunations  contain  383  days  21  hours 
32  mmutes  39  seconds  38  thirds  38  fourths,  which 
exceeds  the  length  of  a  common  Jii/iart  t/ear,  by  18 
days  15  hours  32  minutes  S9  seconds  38  thirds  38 
fourths. 

The  mean  lime  of  new  Moon  being  found  fw  any 
given  year  and  month,  as  suppose  for  March  1700, 
old  styk,  if  this  mean  new  Moon  falls  later  than  the 
nth  day  oi March,  then  12  mean  lunations,  added 
to  the  time  of  this  mean  new  Moon,  will  give  the 
time  of  the  mean  new  Moon  in  March  1701,  after 
having  thrown  off  365  diiys. — But  when  the  mean 
new  Moon  happens  to  be  before  the  lllh  oi  March, 
wc  must  add  13  mean  lunations,  in  order  to  have 
the  time  of  mean  new  Moon  in  March  the  yc~ar  fol- 
lowing ;  always  taking  care  to  subtract  365  days  in 
common  years,  and  36'j  days  in  leap-years,  from 
ihe  sum  of  this  addition. 

Thus,  A.  D.  1700,  old  style,  the  time  of  mean 
new  Moon  in  March,  was  the  8lh  day,  at  16  hours 
1 1  minutes  25  seconds  after  the  noon  of  thai  day 
{viz.  at  1 1  minutes  25  seconds  past  IV  in  the  mom', 
bg  of  the  9th  day,  according  to  common  reckon- 
ing). To  this  we  must  add  13  mean  lunations,  or 
383  days  21  hours  32  minutes  39  seconds  38  thirds 
38  fourths,  and  the  sum  will  be  392  days  13  hours 
44  minutes  4  seconds  38  thirds  38  fourths;  from 
which  subtract  365  days,  because  the  year  1701 
is  a  common  year,  and  there  will  remain  27  days 
13  hours  44  minutes  4  seconds  38  thirds  38  fourths 
for  the  time  of  mean  new  Moon  in  March,  A.  D. 
1701. 

Carrying  on  this  addition  and  subtraction  lUl 
A.  D.  1703,  \vc  find  the  time  of  mean  new  Moon 
in  March  that  year,  to  be  on  the  6th  day  at  7  hours 
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21  minutes  17  seconds  49  thirds  46  fourths  past 
noon ;  to  which  add  13  mean  lunations,  and  the  sum 
will  be  390  days  4  hours  53  minutes  57  seconds  28 
thirds  20  fourths ;  from  which  subtract  366  days, 
because  the  year  1 704  is  a  leap-year,  and  there  will 
remain  24  days  4  hours  53  minutes  57  seconds  28 
thirds  20  fourths  for  the  time  of  mean  new  Moon  in 
March,  A.  D.  1704. 

In  this  nianner  was  the  first  of  the  following  tables 
constructed  to  seconds,  thirds,  and  fourths;  and  then 
written  out  to  the  nearest  second. — The  reason  why 
we  chose  to  begin  the  year  with  March^  was  to  avoid 
the  inconvenience  of  adding  a  day  to  the  tabular  time 
in  leap-years  after  February ^  or  subtracting  a  day 
therefrom  in  January  and  February  in  those  years ; 
to  which  all  tables  of  this  kind  are  subject,  which 
begin  the  year  with  January^  in  calculating  the  times 
of  new  or  full  Moons. 

The  mean  anomalies  of  the  Sun  and  Moon,  and 
the  Sun's  mean  motion  from  the  ascending  node  of 
the  Moon's  orbit,  are  set  down  in  Table  III.  from 
one  to  13  mean  lunations. — These  numbers,  for  13 
lunations,  being  added  to  the  radical  anomalies  of  the 
Suii  and  Moon,  and  to  the  Sun's  mean  distance  from 
the  ascendinir  node,  at  the  time  of  mean  new  Moon 
m  March  1700,  (Table  I.)  will  give  their  mean  ano- 
malies, and  the  Sun's  mean  distance  from  the  node, 
at  the  time  of  mean  new  Moon  in  March  1701 ; 
and  being  added  for  12  lunations  to  those  for  1701, 
give  them  for  the  time  of  mean  new  Moon  in  March 
1702.  And  so  on,  as  far  as  you  please  to  continue 
the  table  (which  is  here  carried  on  to  the  year  1800), 
always  throwing  off  12  signs  when  their  sum  ex- 
ceeds  12,  and  setting  down  the  remainder  as  the 
proper  quantity. 

It  the  numbers  belon.e:ing  to  A.  D.  1 700  (in  Ta- 
ble I.)  be  subtracted  from  those  belonging  to  1800, 
we  shall  have  their  whole  differences  in  100  com- 
plete  Julian  years;  which  accordingly  v/c  find  to  be 
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4  days  8  hours  10  minutes  52  seconds  15  thirds  40 
fourths,  with  resix:ct  to  the  time  of  mean  new 
Moon.  — These  being  added  together  60  times,  (al- 
ways taking  care  to  throw  off  a  whole  lunation  when 
the  days  exceed  29^)  making  up  60  centuries,  or 
6000  years,  as  in  Table  VI.  which  was  carried  on 
to  seconds,  thirds,  and  fourths ;  and  then  written 
out  to  the  nearest  second.  In  the  same  manner 
were  the  respective  anomalies  and  the  Sun's  distance 
from  the  node  found,  for  these  centurial  years ;  and 
then  (for  want  of  room)  written  out  only  to  the  near- 
est minute,  wliich  is  sufficient  in  whole  centuries.— 
By  means  of  these  two  tables,  we  may  find  the  time 
of  any  mean  new  Moon  in  March^  together  with 
the  anomalies  of  the  Sun  and  Moon,  and  the  Sun's 
distance  from  the  node,  at  these  times,  within  the 
limits  of  6000  years,  either  before  or  after  any  giv- 
en year  in  the  18th  century;  and  the  mean  time  of 
any  new  or  full  Moon  in  any  given  month  after 
March^  by  means  of  the  third  and  fourth  tables, 
within  the  same  limits,  as  shewn  in  the  precepts  for 
calculation. 

Thus  it  would  be  a  ver}-  easy  matter  to  calculate 
the  time  of  any  new  or  fall  Moon,  if  the  Sun  and 
Moon  moved  equably  in  all  parts  of  their  orbits. — 
But  we  have  already  shewn  that  dieir  places  are  ne- 
ver the  same  as  they  would  be  by  equable  motions, 
except  when  they  are  in  apogee  or  perigee ;  which 
is  when  their  mean  anomalies  are  either  nothing,  or 
six  signs :  and  that  their  mean  places  are  always  for- 
warder than  their  true  places,  while  the  anomaly  is 
less  than  six  signs ;  and  their  true  places  are  for- 
warder than  the  mean,  while  the  anomaly  is  more.  . 

Hence  it  is  evident,  that  while  the  Sun's  anomaly 
is  less  tlian  six  signs,  the  Moon  will  overtake  him, 
or  be  opposite  to  him,  sooner  than  she  could  if  his 
motion  were  equable ;  and  later  while  his  anomaly 
is  mdre  than  six  signs.  The  greatest  difference  tliat 
can  possibly  happen  between  the  mean  and  true  time 
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of  new  or  full  Moon>  on  account  of  the  inet 
of  t lie  Sun's  motion,  is  three  hours  48  minutes 
28  seconds  :  and  that  is,  when  the  Sun'a  iinomaly 
is  either  3  bigns  I  degree,  or  8  signs  29  degrees ; 
sooner  in  the  fir->t  case,  and  later  in  the  last, — In  alt 
other  higns  and  degrees  of  anomaly,  the  diflerence 
is  gradually  less,  and  vanishes  when  the  anomaly  is 
titiiET  nothing  or  six  signs. 

"i'lie  Sun  is  in  his  apogee  on  the  30th  of  June^ 
and  in  his  perigee  on  the  30th  of  December,  in  ilic 
present  age  ;  so  that  he  is  nearer  the  Earth  in  our 
winter  than  in  our  summer.  T!ic  proportional  djf- 
Ita-L-nce  of  distance,  deduced  from  the  difference  of 
tlic  Sun's  apparent  diametCT  at  the&e  times,  is  as 
983  to  1017. 

The  Moon's  orbit  is  dilated  in  winter,  and  con- 
tracted in  summer ;  tlierefore  the  lunations  are  long, 
er  ill  winter  than  In  summer.  The  greatest  diBer- 
ence  is  found  to  be  22  minutes  29  seconds:  the  lu- 
nations increasing  gradually  in  length  wliile  the  Sun 
is  moving  from  his  apc^ec  to  Uts  perigee,  and  de- 
i^reasing  in  length  while  he  is  moving  from  his  pe- 
rigce  to  iiis  apogee. — On  this  account  the  Moon 
will  be  later  every  time  in  coming  to  her  conjunc- 
tion with  the  Suu,  or  ijcing  in  opposition  to  him, 
from  December  till  June,  and  sooner  from  June  to 
December,  tlian  if  her  orbit  had  continued  of  the 
same  size  all  the  year  round. 

As  botli  these  differences  depend  on  the  Sun*s 
anomaly,  they  may  be  fidy  put  together  tn'o  oncta- 
ble,  and  called  The  annual,  nr  Jirtt  equation  of  the 
mean  to  the  true*  syzygij  (sec  Tabic  VII.)  This 
equational  difference  is  to  be  subtracted  fiom  tlie 
time  of  the  mean  syz-ygy  when  the  Sun's  anomaly 
is  less  than  six  signs,  and  added  when  the  anomaly 
is  more. — At  the  greatest,  it  is  4  hours  10  minutes 
57  seconds,  viz.  3  hours  48  minutes  28  seconds, 

•  TTie  wortl  n^SV 
of  the  SuQ  and  Moon. 
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on  account  of  the  Sun's  unequal  motion,  and  22 
minulcs  29  seconds,  on  account  of  the  dilatation  of 
the  Moon's  orbit. 

This  compound  equation  would  be  sufficient  for 
reducing  the  mean  lime  of  new  or  full  Moon  lo  the 
true  time,  if  the  MoonS  orbit  were  of  a  circular 
tbrm,  and  her  motion  tjuitc  equable  in  it. — But  the 
Mrjon's  orbit  is  more  elliiitical  than  the  Sun's,  and 
her  motion  in  it  so  much  the  more  uneciual.  The 
difference  is  so  great,  that  she  is  sometimes  in  con- 
junction with  the  Sun,  or  in  opposition  to  him,  soon- 
er by  9  hours  47  minures  54  seconds,  than  she 
would  be  if  her  motion  were  equable ;  and  at  other 
times  as  much  later. — The  former  happens  when 
her  mean  anomaly  is  9  signs  4  degrees,  and  the  lat- 
ter when  it  is  2  signs  26  degrees.     See  Table  IX.      ' 

At  different  distances  of  the  Sun  from  the  Moon's 
apogee,  the  Bgureofthe  Moon's  orbit  becomesdif- 
ferent. — It  islongest  of  all,  or  most  eccentric,  when 
the  Sun  is  in  the  same  sign  and  degree  either  with 
the  Moon's  apogee  or  perigee  ;  shortest  of  all,  or 
least  eccentric,  when  the  Sun's  distance  ii'om  the 
Moon's  ajjogee  is  either  three  signs  or  nine  signs ; 
and  at  a  mean  state  when  the  distance  is  either  1 
sign  15  degrees,  4  signs  15  degrees,  7  signs  15  de- 
grces,  or  10  signs  15  degrees. — When  the  Moon's 
orbit  is  at  its  greatest  eccentricity,  her  apogeal  dis- 
tance from  ilie  Earth's  centre  is  to  her  perigeal 
distance  from  it,  asl067)5to  933;  when  least  cc 
centric,  as  1043  is  to  957;  and  when  at  die  nwan 
stale,  as  1055  is  to  9*5. 

But  the  Sun's  distance  from  tlie  Moon's  apogee 
equal  to  the  quantity  of  the  Moon's  mean  ano- 
'dy  at  the  time  of  new  Moon,  and  by  the  addition  j 
six  Mgns,  it  becomes  equal  in  quantity  to  the 
[oon's  mean  anomaly  at  the  time  of  full  Sloon. — 
Therefore,  a  table  may  lie  consrructed  so  as  lo  ansner 
all  tlie  various  inequalities  depending  on  il>e  dilR  rent 
ecccntrichies  of  the  Moon's  orbit  in  the  syzygics ; 
and  called  The  second  e^uution  of  the  mean  to  the  trvi- 
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syzygy  (sec  Table  IX.)  and  the  Moon's  anomaly, 
when  equated  by  Table  VIIK  may  be  made  the 
proper  argument  for  takmg  out  this  second  equa- 
tion of  time,  which  must  be  added  to  the  ^mer 
equated  time,  when  the  Moon's  anomaly  is  less  than 
six  signs,  and  subtracted  when  the  anomaly  is  more* 
There  are  several  other  inequalities  in  the  Moon's 
motion,  which  sometimes  brmg  on  die  true  sy zvgy 
a  little  sooner,  and  at  other  times  keep  it  back  a 
littic  later  than  it  would  otherwise  be ;  but  they  arc 
so  small,  that  they  may  be  all  omitted  except  two ; 
the  former  of  which  fsee  Table  X.)  depends  on  the 
difference  between  the  anomalies  of  the  Sun  and 
Moon  in  the  syzygies,  and  the  latter  f'see  liable 
XI.)  depends  on  the  Sun's  distance  from  the  Moon's 
nodes  at  these  times.  The  greatest  difference  aris- 
ing from  the  former,  is  4  minutes  58  seconds;  and 
from  the  latter,  1  minute  34  seconds. 

Having  described  the  phenomena  arising  from  the 
inequalities  of  the  solar  and  lunar  motions^  we 
sluill  7iorv  shew  the  reasons  oj  these  inequalities. 

In  all  calculations  relating  to  the  Sun  and  Moon, 
we  consider  the  Sun  as  a  moving  body,  and  the 
Earth  as  a  body  at  rest ;  since  all  the  appearances 
are  the  same,  whetlier  it  be  the  Sun  or  the  tardi  that 
moves.  But  the  truth  is,  that  the  Sun  is  at  rest,  and  the 
Earth  moves  round  him  once  a  year,  in  the  plane 
of  the  eclij)tic.  Therefore,  whatever  sign  and  de- 
gree of  the  ecliptic  the  Earth  is  in,  at  any  given 
time,  the  Sun  will  then  appear  to  be  in  tlic  oppo- 
site  sign  and  degree. 

The  nearer  that  any  body  is  to  the  Sun,  the  more 
it  is  attracted  by  him;  and  this  attraction  increases 
as  the  scjuare  of  the  distance  diminishes ;  and  vice 
versa. 

The  Earth's  annual  orbit  is  elliptical,  and  the  Sun 
is  placed  in  one  of  its  focuses.   The  remotest  i>oint 
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of  the  Earth's  orbit  from  the  Sun  is  called  The 
earth's  apMion ;  and  the  nearest  point  of  the  Karth'a 
-orbit  to  the  Sun,  is  called  The  Eitrih's  perihelion. — 
When  the  Earth  is  in  its  aphelion,  the  Sun  appears 
to  be  in  its  apogee  ;  and  when  the  Earth  is  in  its  pe- 
ribelion,  the  Sun  appears  to  be  in  its  perigee. 

As  the  Earth  mcives  from  its  aphelion  to  its  pe- 
rihelion, it  is  constantly  more  and  more  attracted 
by  the  Sun  ;  and  this  aitraciian,  by  conspiring  in 
some  degree  with  the  Earth's  motion,  must  neces- 
sarily accelerate  it.  But  as  thcEarlh  moves  from 
its  perihelion  to  its  aphelion,  it  is  continually  less 
and  less  attracted  by  the  Sun  j  and  as  this  attrac- 
tion acts  then  just  as  much  against  the  Earth'il 
motion,  as  it  acted  for  it  in  the  other  half  of  the 
orbit,  it  retards  the  motion  in  the  like  degree. — 
The  faster  the  Earth  moves,  the  faster  will  the 
Sun  appear  to  move ;  the  slower  the  Earth  moves, 
the  slower  is  the  Sun's  apparent  motion. 

The  Moon's  orbit  is  also  elliptical,  and  the  Earth 
keeps  coiistantiv  in  one  of  its  focuses. — The  Eanh'a 
niiraclion  has  the  same  kind  of  influence  on  the 
Moon's  motion,  as  the  Sun's  attraction  has  on  the 
molion  of  the  Earth  :  and  therefore,  the  Moon's 
motion  must  be  continually  accelerated  while  she 
is  passing  trom  her  apogee  to  her  perigee  ;  and  as 
gradually  retardt:d  in  moving  from  her  perigee  tn 
her  apogee. 

lAt  the  time  of  new  Moon,  the  Moon  is  nearer 
the  Sun  than  the  Earth  is  at  that  time,  by  the  whole 
SBinidiameter  of  the  Moon's  orbit ;  which,  at  a 
mean  state,  is  'J40,(XX}  miles ;  and  at  the  full,  9h4 
is  as  much  farther  trom  the  Sun  than  the  Earth 
then  is — Consequently,  the  Sun  attracts  the  Moon 
more  than  it  attracts  the  Earth  in  the  former  case, 
and  less  in  the  latter.  The  difference  is  greatest 
when  the  Earth  is  nearest  the  Sun,  and  least  when 
it  IS  farthest  from  him.  The  obvious  result  of  this 
p,  that  as  the  Earth  is  nearest  to  the  Sun  la  winter, 
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and  farthest  from  Iiim  in  summer,  the  Moon's  or-  \ 
bit  must  be  dilated  in  winter,   and  contracted  in' 
summer. 

These  are  the  principal  causes  of  the  difftirence 
of  time,  that  generally  happens  between  the  mean 
and  true  times  of  conjunction  or  opposition  of  the 
Sun  and  Moon.     As  to  the  other  two  difierences, 
i-i%.  those  which  depend  on  the  difference  betweea  J 
the  anomalies  of  the  Sun  and  Moon,  and  upon  thel 
Sun's  distance  from  the  lunar  nodes,  in  the  syzy*  1 
gies,  they  are  owing  to  the  different  degrees  of  aU 
traction  of  the  Sun  and  Earth  upon  the  Moon,  zl 
greater  or  less  distances,  according  to  their  respec- 
tive anomalies,  and  to  the  position  of  the  Moon's 
nodes  with  respect  to  the  Sun. 

If  ever  it  should  liappen,  that  the  anomalies  of 
both  the  Sun  and  Moon  were  either  nothing  or  six 
signs,  at  the  mean  time  of  new  or  full  Moon,  anil 
the  Sun  should  then  be  in  conjunction  wiih  either 
of  the  Moon's  nodes,  all  the  above-mentioned 
equations  ^ould  vanish,  and  the  mean  and  true 
time  of  the  syzygy  would  coincide.  But  if  ever 
this  circumstance  did  happen,  we  cannot  expect 
the  like  again  in  many  ages  afterward. 

Every  4-9th  lunation  (or  course  of  the  Moon 
from  change  to  change)  returns  very  nearly  to  thff 
same  time  of  the  day  as  before.  For,  In  49  racan 
lunations  there  arc  1 446  days  23  hours  58  minutes 
29  seconds  25  thirds,  which  wants  but  1  minute 
;JO  seconds  34  thirds  of  1477  days. 

In2953O59O851OSdays,therearelOOOOOOOOOO0 

/mean  lunations  exactly  :  and  this  is  the  smallest 
number  of  natural  days  in  which  any  exact  num.- 
ber  of  mean  lunatbns  will  be  completed. 
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TABLIi  II.    cancludrd.    .Vcm  Snilr, 
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D.     H. 

M.     S,U 

0 

' 

SO'" 

.  0  '-'I: 

2  i7sr 

S  178!! 
S  17S9 
?  1790 

i  1791 

Id     14 
6    32 
25     20 
15      5 
4    14 

10      6    tl 
58    42   8 
31     S3    8 
19    59    8 
e     35    8 

17 
6 

25 
14 
3 

21 
37 
0 
15 
51 

59 
31 

55 

47 

3  21  22  -iA 
2    1  10  ?9 
I     6  47  35 
U  15  35  40 
9  26  a  45 

2  15    9  591; 
2  34    3  46  S 
4    2  46  48  S 
4  10  49  35  i 
4  19  52  S3  < 

5  1792 
J  1793 
S  1794 
S  1795 
5  1796 

22     11 
11     30 
30     18 
20      2 
8     11 

41     15    8 
20    51    8 
3    32   8 

51     8  a 

39    44    8 

■21 
11 
29 
18 
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32 
47 

3 

59 
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3 
55 
47 
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7  11  48  57' 
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fl    3  31  11  ? 
7  U  21  13  < 
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9  17  12  35  J 
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8 
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15 
4 

23 

25 
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IS 
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4J 

Si 

2  12  39  19 
0  22  37  25 
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10    7  52  36 
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TABLE  V.  Mean  Lunaliom/rom  I  (o  100000. 


Lunat,  Tix'jh.  Decimal  Fu^. 
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1;  TABLE  VI.   The  fii„l  mian  Mw  Afoon,  with  ths  mraii  ■4wmtUiea'^^^ 
\       i(f  the  Sun  and  MoQn,  and  the  .$■«»'«  mean  Distance /rom  Ike  .Is.  >^H 
^       ,-'n:li-.y  -V,,P.  „erl  aft.-'-  c^mfihtr  Cetirurie^  .^f  Juhan  r,<n-.,         j^H 
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TABLE  VI.  concluded. 


S  tions.  2;  g- 


408  I  r 
42064 
43290 
■t4.)27 
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43238 
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51-948 
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S  55659 
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5  58133 
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D.  H  M.  S.  s   0 
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1  15 
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12 
20 


38 
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11 
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11 
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11 
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11 
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11 
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11 
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10 


24 

27 

1 

5 
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26 
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9 

12 
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20 

23 

27 
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7 
11 
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33 
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9 

31 
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9 
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7 
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'^4 
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31 
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3 

11 

8 
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9 
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29 
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19 

11 

51 

7 

4 

15 
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20 
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11 
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16 


2 
17 
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18 
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19 

8 

23 


y 
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25 
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11 

44 

f. 


Sun's  mean 
Dis.fromKode 
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9 

9 
1 
6 


9 
28 
17 

7 


20 

47 

34 

1 


If  Dr.  Pound's  mean  Lunation  (which  we  have  kept  by  in 
milking  these  tables)  be  added  74212  times  to  itself,  the  sum 
will  amount  to  6000  Julian  years  24  days  4  hours  59  minutes 
5 1  seconds  40  thirds ;  agreeing  with  the  first  part  of  the  last 
line  of  this  table,  within  half  a  second. 
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TABLE  VII.     TAr  annual.  i.T firnt  E..imti'>n  qf  th^  mtan 

ro  the  true  Sy:u^. 

jlrsumrnf.  Stin's  mean  Anoinuly- 
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30 
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H-M.S, 

H.M.S 
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2 

0     8   35 
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Precepts  relative  to  tfie  preceding  Tables.  ^47 


7o  calculate  the  true  Time  of  New  or  Full  Moon. 

Precept  I.  If  the  required  time  be  within  the 
limits  of  the  18th  century,  write  cut  the  mean  time 
of  new  Moon  in  Marchj  for  the  proposed  year, 
from  Table  I,  in  the  old  style,  or  from  Table  11, 
in  die  new;  togeUier  with  the  mean  anomalies 
of  the  Sun  and  Moon,  and  the  Sun's  mean  dis- 
^  tance  from  the  Moon's  ascending  node. — If  you 
want  the  time  of  full  Moon  in  Marchj  add  the 
half  lunation  at  the  foot  of  Table  III,  with  its 
anomalies,  &c.  to  the  former  numbers,  if  the 
new  Moon  fall  before  the  15th  oi  March;  but 
if  it  fall  after,  subtract  the  half  lunation,  with 
the  anomalies,  &c.  belonging  to  it,  from  the  for- 
mer numbers,  and  write  down  the  respective  sums 
or  remainders. 

II.  In  these  additions  or  subtractions,  observe, 
that  60  seconds  make  a  minute,  60  minutes  make  a 
degree,  30  degrees  make  a  sign,  and  12  signs 
make  a  circle.  When  you  exceed  12  signs  in  ad- 
dition, reject  12,  and  set  down  the  remainder. — 
When  the  number  of  signs  to  be  subtracted  is 
greater  than  the  number  you  subtract  from,  add  12 
signs  to  the  lesser  number,  and  then  you  will  have 
a  remainder  to  set  down. — In  the  tables,  signs 
are  marked  thus  %  degrees  thus  **,  minutes  thus  ', 
and  seconds  thus  ". 

III.  When  the  reouired  new  or  full  Moon  is 
in  any  given  month  after  Marchj  write  out  as  many 
lunations,  with  their  anomalies,  ami  the  Sun's  dis- 
tance from  the  node,  ft-om  Table  III.  as  the  given 
month  is  after  March  ;  setting  them  in  order  below 
the  numbers  taken  out  for  March. 

IV.  Add  all  these  together,  and  they  will  giixs 
the  mean  time  of  the  required  new  or  lull  MooiVi 
with  the  mean  anomalies  and  Sun's  mean  dis^UuVcr 
from  the  ascending  node,  which  are  the  argume 
for  finding  tlie  proper  ecjuations. 


FtHepts  fefathig  to  the  preceding  Tobies. 

V.  ^Vith  ihe  number  of  days  added  togetlier, 
enter  Table  IV,  under  die  given  month,  ;ind  aguinsl 
that  number  you  liave  t!ie  day  of  mean  new  or 
full  Moon  in  the  Iclt-hand  column,  which  set 
before  the  hours,  minutes,  and  seconds,  already 
found. 

But  (as  it  will  sometimes  happen)  if  the  said 
number  of  days  fall  short  of  any  in  tlie  column 
under  the  given  month,  add  one  lunation  and  its 
anomalies,  &.c.  (from  Table  III,  to  the  foresaid 
sums,  and  then  you  will  have  a  new  sum  of  days 
M'herewith  to  enter  Table  IV,  under  tlie  given 
month,  where  you  are  sure  to  find  it  tlie  second 
time  if  (he  first  fall  short. 

VI.  With  the  signs  and  degrees  of  tlie  Stm's 
anomaly,  *nter  Tabic  VII,  and  then  with  lake  out 
the  annual  or  first  etjuation  for  reducing  the  mean 
syzygy  to  the  true ;  taking  care  to  make  propor- 
lions  in  the  table  for  the  odd  minutes  and  seconds 
of  anomaly,  as  the  table  gives  tlie  equation  only  to 
ivholc  degrees. 

Observe  in  this  and  every  other  case  of  findir^ 
equations,  tliat  if  the  signs  he.  at  the  liead  of  Uie 
table,  their  degrees  arc  at  the  left  hand,  and  are 
reckoned  downward ;  but  if  the  signs  be  at  tlie, 
foot  of  die  table,  their  degrets  are  at  the  righl, 
hand,  and  are  counted  upward;  die  equation  being^, 
in  the  body  of  tlie  tabic,  under  or  over  tlie  signs, 
in  a  collateral  line  with  the  degRcs. — The  titles. 
Add  or  Subtract  at  the  licad  or  loot  of  the  tables 
where  the  signs  are  found,  shew  whether  the 
equation  is  to  be  added  to  the  mean  time  of  neiv 
or  full  Moon,  or  to  be  subtracted  i'rom  it.  la 
this  table,  die  equation  is  to  be  subtracted  if  the 
.signs  of  the  Sims  anomaly  be  found  at  the  head  of 
the  table;  but  it  is  to  be  added,  if  the  signs  be  at 
the  fool. 

VII.  With  the  signs  and  degrees  of  the  Sun's 
mean  anomaly,    enter  Table  Vlil,  aiid   take  mil 


Precepts  reiatvig  to  the  preceding  Tables.  34P 

Ihe  equation  of  the  M*  on*s  mean  anomaly ;  subtract 
this  equation  from  her  mean  anomaly,  if  the  signs 
of  the  Sun's  anomaly  be  at  the  head  of  the  table, 
but  add  it  if  thev  be  at  the  foot ;  the  result  will  Ix* 
the  Moon's  equated  anomaly,  with  which  enter 
Table  IX,  and  take  out  the  second  equation  for  re- 
ducing  the  mean  to  the  true  time  of  new  or  full 
Moon;  adding  this  equation,  if  the  signs  of  thr 
Moon's  anomaly  be  at  the  head  of  the  table,  but 
subtracting  it  if  they  be  at  the  foot,  and  the  result 
will  give  you  the  mean  time  of  the  required  new  oi 
full  Moon  twice  equated,  which  will  be  sufficiently 
near  for  common  almanacks. — But  when  you  want 
to  calculate  an  eclipse,  the  following  equations  must 
be  used :  thus, 

VIII.  Subtract  the  Moon's  equated  anomaly 
from  the  Sun's  mean  anomaly,  and  with  the  re- 
mainder  in  signs  and  degrees,  enter  Tabic  X,  and 
take  out  the  third  equation,  applying  it  to  the  former 
equated  time,  as  the  titles  Add  or  Subtract  do  direct. 

IX.  With  the  Sun's  mean  distance  from  the  as- 
cending node  enter  Tabic  XI,  and  take  out  the 
equation  answering  to  diat  argument,  adding  it  to, 
or  subtracting  it  from,  the  former  ec][uated  time,  as 
the  titles  direct,  and  the  result  will  give  the  tinu- 
of  new  or  full  Moon,  agreeing  with  well-regulated 
clocks  or  watches,  very  near  the  truth.  But,  to 
make  it  agree  with  the  solar,  or  apparent  time,  ap- 
ply the  equation  of  natural  days,  found  in  the  tablcr 
(from  page  193  to  page  205)  as  it  is  leap-year,  oi 
the  first,  second,  or  third  after. 

The  mediod  of  calculating  the  time  of  any  new 
or  full  Moon  without  the  limits  of  the  lEth  century, 
v/ill  be  shewn  further  on.  And  a  few  examples, 
compared  with  tlic  precepts,  will  make  the  whole 
work  plain. 

N.  B.  Tlie  tables  begin  the  day  at  noon,  and 
reckon  forward  ham  thence  to  the  noon  following. 
— Thus,  March  the  3 1st,  at  22h.  30min.  259ec.  of 
tabular  time,  is  Jpri/  ist  (in  common  reckoniog)«t 
SOmin.  25sec.  after  10  o'clock  in  the  morning. 
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■  P£    S 


To  calculate  the  Time  ef  Mew  and  Full  Moon  in  a 
given  Tear  arid  Month  of  any  particular  Century^ 
between  the  Christian  Era  and  the  18/A  Century. 

Prbcept  I.  Find  a  year  of  the  same  number  ia 
the  I  Sth  century  Vith  that  of  the  year  in  the  century 
proposed,  and  take  out  the  mean  time  of  new  Moon 
in  Marchf  old  style,  for  that  year,  with  the  mean 
anomalies  and  Sun's  mean  distance^om  the  node  at 
that  time,  as  already  taught. 

11.  Take  as  many  complete  centuries  of  years  from 
Table  VI.  as,  when  subtracted  from  the  abovesaid 
year  in  the  i  Sth  century,  will  answer  to  the  given  yeart 
and  take  out  the  first  mean  new  Moon  and  its  anoma- 
lies, ttc.  bdoDgisg  to  the  said  cettturies,  and  set  them 
^7 
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Prectpti  and  Exampkt 

below  those  taken  out  for  March  in  the  1 8th  century. 

III.  Subtract  the  numbers  belonging  to  these  cen- 
turies, from  those  of  the  !Bth  century,  and  the  re- 
mainders will  be  the  mean  time  and  aDomalies,  &c. 
of  new  Moon  in  March,  in  the  given  year  of  the  cen- 
turv  proposed. — Then,  work  in  all  respects  for  the 
true  time  of  new  or  full  Moon,  as  shewn  in  the  above 
precepts  and  examples. 

IV.  If  the  days  annexed  to  these  centuries  exceed   I 
the  numberof daysfromthebeginningof A/ijrfAtaken  ' 
out  in  the  18th  century,  addalunation  and  its  anoma- 
lies- &c.!from  Table,  HI  to  the  time  and  anomalies  of 
new  Moon,  in  March,  and  ihenproceed  in  all  respects 
as  above. — Tlvis  circumstance  happens  la  example  V. 
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TotaktUate  the  true  Time  e/JVewor  Pull  Moon  in  any  given 
Year  and  Month  iefbre  the  Chrittian  Xra. 

Precept  I.  Find  a  year  in  the  18th  century, 
which  being  added  to  the  given  number  of  years  be- 
fore Christ,  diminished  by  one,  shall  make  a  nuih- 
ber  of  complete  centuries. 

11.  Find  this  number  of  centuries  m  Table  VI, 
and  subtract  the  rime  and  anomalies  belonging  to  it 
from  those  of  the  mean  nev  Moon  in  March,  the 
above-found  year  of  the  i8th  century;  and  the  re- 
mainder »ill  denote  the  time  and  anomalies,  &c.  of 
the  mean  new  Moon  in  Marchy  the  given  year  before 
Christ.  Then,  for  the  true  time  of  that  new  Moon, 
in  any  month  of  that  year,  proceed  in  the  manner 
taught  above. 
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'  Preapts  and  Examples 

These  tables  are  calculated  for  the  meritHan  of 
London  ;  but  they  will  serve  for  any  other  place,  by 
subtracting  four  minutds  from  the  tabular  time,  for 
every  degree  that  the  meridian  of  the  given  place  is 
westward  of  London,  or  adding  four  minutes  for 
every  degree  that  the  meridian  of  the  given  place  is 
eastward :  as  in 
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To  calculate  the  true  Time  of  New  or  Full  Moon,  in 
any  given  Tear  and  Month  after  the  1  Sih  Century. 

Precept  I.  Find  a  year  of  the  same  number  in 
the  1 8th  century  with  that  of  the  year  proposed,  and 
take  out  the  mean  time  and  anomalies  &c.  of  new 
Moon  in  March,  old  style,  for  that  year,  in  Table  I. 

II.  Take  so  many  years  from  Table  VI,  as,  when 
added  to  the  above-menlionei'  year  in  the  1 8th  cen- 
tury, will  answer  to  the  given  year  in  which  the  new 
or  full  Moon  is  required:  and  take  out  the  first  ncv 
Moon,withit8anoiDalieS}fi)rthe«econipleteceDturie8k 
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III.  Add  all  these  together,  and  then  work  in  all  respecU 
as  shewn  above,  only  remember  to  subtract  a  lunatton  and 
i:s  anomalies,  when  the  alxive-mentioned  addition  carries  the 
new  Moon  beyond  the  31st  of  March  ;  as  in  the  fotlowing 
example : 
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In  keeping  by  the  old  style,  we  are  always  sure  to  be 
right,  by  adding  or  subtracting  whole  hundreds  of  years 
to  or  from  any  given  year  in  the  I8th  century.  But  in 
the  new  style  we  may  be  very  apt  to  make  mistakes,  on 
account  of  the  leap-years  not  coming  in  regularly  every 
fourth  year:   And  therefore,  when  we  go  without  the 


relative  to  thfi  preceding  Tables.  SSJ 

limits  of  the  1 8th  century,  we  had  best  keep  to  the 
old  style,  and  at  the  end  of  the  calculation  reduce 
the  time  to  the  new.  Thus,  in  the  22d  century, 
there  .will  be  14  days  difference  between  the  styles; 
and  therefore,  the  true  time  of  new  Moon  in  this 
last  example  being  reduced  to  the  new  style,  will  be 
the  22d  of  July^  at  22  minutes  53  seconds  past  VI 
in  the  evening. 

To  calculate  the  true  Place  €f  the  Sun  for  any  given 

Moment  of  Time. 

Precept  I.  In  Table  XII,  find  the  next  lesser 
year  in  number  to  that  in  which  the  Sun's  place  is 
sought,  and  write  out  his  mean  longitude  and  ano- 
maly answering  thereto:  to  which  add  his  mean  mo- 
tion and  anomaly  for  the  complete  residue  of  years, 
months,  days,  hours,  minutes,  and  seconds,  down 
to  the  given  time,  and  this  will  be  the  Sun's  mean 
place  and  anomaly  at  that  time,  in  the  old  style; 
provided  the  saidtime  bein  any  year  after  the  Chris- 
tian aera.     See  the ^rst  following  example. 

IL  Enter  Table  XIII  with  the  Sun's  mean  ano- 
maly, and  {naking  proportions  for  the  odd  minutes 
and  seconds  thereof,  take  out  the  equation  of  the 
Sun's  centre:  which,  bdbg  applied  to  his  mean 
place,  as  the  title  Add  or  Subtract  directs,  will  give 
his  true  place  or  longitude  from  the  vernal  equinox 
at  the  time  for  which  it  was  required. 

III.  To  calculate  the  Sun's  place  for  any  time  in 
a  given  year  before  the  Christian  aera,  take  out  his 
mean  longitude  and  anomaly  for  the  first  year  there- 
of, and  from  these  numbers,  subtract  the  mean  mo- 
tions and  anomalies  for  the  complete  hundreds  or 
thousands  next  above  the  given  year;  and  to  the 
remainders  add  those  for  the  residue  of  years, 
months,  &c.  and  then  work  in  all  respects  as  above. 
See  the  second  example  following. 
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^pses  of  the  Sun  and  Moon. 

So  that  in  the  meridian  of  London^  the  Sun  was 
then  just  entering  the  sign  ===  Libra,  and  conse- 
quenity  was  upon  the  point  of  the  autumnal  equi- 
nox. 

If  to  the  above  time  of  the  autumnal  equinox  at 
London,  we  add  '2  hours  2S  minutes  4  seconds  tor 
the  longitude  of  Babylon,  we  shall  have  for  the 
time  of  the  same  equinox,  at  that  place,  October^SA^ 
at  19  hours  22  minutes  41  seconds;  which,  in 
the  common  way  of  reckoning,  is  October  24th,  at 
22  minutes  41  seconds  past  VII  in  ihe  morning.* 

And  it  appears  by  example  VI,  that  in  the  same 
year,  the  true  time  of  full  Moon  at  Babylon  was 
October  23d,  at  42  minutes  46  seconds  aftir  VI  in 
the  morning ;  so  that  the  autumnal  equinox  w; 
on  the  day  next  after  the  day  of  full  Moon. — T 
Dominical  letter  for  that  year  was  G,  and  con 
quently  the  24th  of  October  was  on  a  Wednesday. 

•  The  reason  why  this  calculation  make^  ihe  autumn^ 
c([uiDox,  in  Ihe  year  of  the  Julian  fteriod  706,  lo  be  two  d 
sooner  than  the  time  of  the  same  ei|tiinox  mentioned  ID  p 
I  So,  is,  that  in  thai  p>ige  the  mean  time  only  is  taken  il 
the  account)  as  if  there  was  no  ei|uaiion  of  the  Sun's 

The  equation  at  the  autumnjl  ec|uinux  then,  did  not  e 
ccetl  an  hour  and  m  quarter,  wht^  i-educcd  to  time.    Dm,  ti 
the  year  of  Christ  1756,  (whlch^as  S763  years  after,)  t" 
eqiialion  a(  the  autumnal  equinox  amounted  lo  I  lAay  j 
hours  li  minutes,  by  which  quamily  the  true  time  fell  li 
than  the  mean, — So  tliat  if  we  consider  the  true  timi 
this  last- mentioned  equinoK,  only  as  mean  time,  the  m 
motion  of  the  Sun  curried  thence  back  to  the  autumni 
equinox  in  the  year  of  ibe  Julian  period  70G  will  fix  i 
the  25th  of  October  in  that  year.  , 
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To  Jind  the  SurCs  Distance  from  the  Moon^s  ascend- 
ing  Node  J  at  the  1  ime  oj  any  given  New  or  Full 
Moon  ;  and  consequently^  to  know  whether  there 
is  an  Eclipse  at  that  Time  or  not. 

The  Sun's  distance  from  the  Moon's  ascending 
node  is  the  argument  for  finding  the  Moon's  fourth 
equation  in  the  syzygies,  and  therefore  it  is  taken 
into  all  the  foregoing  examples  in  finding  the 
times  of  these  phenomena. — l  hus,  at  the  time  of 
mean  new  Moon  in  April  1 7()4,  the  Sun's  mean 
distance  from  the  ascending  node  is  O*  5^  35'  2". 
See  Example  L  p.  350. 

The  descending  node  is  opposite  to  the  ascend- 
ing one,  and  they  are,  therefore,  just  six  signs  dis- 
tant from  each  other. 

When  the  Sun  is  within  1 7  degrees  of  either  of 
the  nodes  at  the  time  of  new  Moon,  he  will  be 
eclipsed  at  that  time :  and  when  he  is  within  1 2 
degrees  of  either  of  the  nodes  at  the  time  of  full 
Moon,  the  Moon  will  be  then  eclipsed. — ^Thus  we 
find,  that  there  will  be  an  eclipse  of  the  Sun  at  the 
time  of  new  Moon  in  April  1764. 

But  the  true  time  of  that  new  Moon  comes  out 
by  the  equations  to  be  50  minutes  46  seconds  later 
than  the  mean  time  thereof,  by  comparing  these 
times  in  the  above  example:  and  therefore,  we 
must  add  th^  Sun's  motion  from  the  node  during 
that  interval  to  the  above  mean  distance  O*  5°  35'  2", 
which  motion  is  found  in  Table  XII,  for  50  mi- 
nutes  46  seconds,  to  be  2  12".  And  to  this  wc 
must  apply  the  equation  of  the  Sun's  mean  distance 
from  the  node,  in  Table  XV,  found  by  the  Sun's 
anomaly,  which,  at  the  mean  time  of  new  Moon 
in  example  1,  is  9'  1^  26  19"  ;  and  then  we  shall 
have  the  Sun's  true  distance  from  the  node,  at  the 
true  time  of  new  Moon,  as  follows : 
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At  the  mean  time  of  new  Moon  in 
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Sun's  true  distance  from  the  as- 7 

cending  node       *—        —         3 
which,  being  far  within  the  above  limit  of  17  de- 
grees, shews  that  the  Sun  must  then  be  eclipsed. 

And  now  we  shall  shew  how  to  project  this,  or 
any  other  eclipse,  either  of  the  Sun  or  Moon. 

To  project  an  Eclipse  of  the  Sun. 

In  order  to  this,  we  must  find  the  ten  following 
elements  by  means  of  the  tables. 

1.  The  true  time  of  conjunction  of  the  Sun  and 
Moon ;  and  at  that  time,  2.  The  semidiameter  of 
the  Earth's  disc,  as  seen  from  the  Moon,  which  is 
equal  to  the  Moon's  horizontal  parallax.  3.  The 
Sun's  distance  from  the  solstitial  colure  to  which 
he  is  then  nearest.  4.  The  Sun's  declination. 
5.  The  angle  of  the  Moon's  visible  path  with  the 
ecliptic.  6.  The  Moon's  latitude.  7./l'he  Moon's 
true  horary  motion  from  the  Sun.  8.  The  Sun's 
semidiameter.  9.  The  Moon's.  10.  The  semidia- 
meter of  the  penumbra. 

We  shall  now  proceed  to  find  these  elements 
for  the  Sun's  eclipse  in  April  1 764. 

To  find  the  true  time  cf  new  Moon.  This,  by 
example  I,  p.  350,  is  found  to  be  on  the  first  day 
of  the  said  month,  at  30  minutes  25  seconds  after 
X  in  the  mornmg. 
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2^  To  jind  the  Mooris  horizontal  parallax ^  or  sc- 
midiameter  of  the  Earth^s  disc,  as  seen  from  the 
Moon.  Enter  Table  XVII,  with  the  signs  and  de- 
grees of  the  Moon's  anomaly,  (making  proportions, 
because  the  anomaly  is  in  the  table  only  to  every 
6th  degree,)  and  thereby  take  out  the  Moon's  hori- 
zontal  parallax;  which,  tor  the  above  time,  answer- 
ing to  the  anomaly  1  r  O""  24'  21' ,  is  54'  43". 

S.  To  find  the  Sun*s  distance  from  the  nearest  sol- 
stice, viz.  the  beginni?2g  of  Cancer,  uhich  is  3"  or 
90  from  the  beginning  of  Aries.  It  appears  by  the 
example  on  page  358  (where  the  Sun's  place  is 
calculated  to  the  above  time  of  new  Moon)  that 
the  Sun's  longitude  from  the  beginning  of  Aries 
is  then  O*  VI  10'  7",  that  is,  the  Sun's  place  at  that 
time  is  v  Aries,  12°  10'  7". 

8         O  /  /' 

Therefore  from         —         —  3     0     0     0 

Subtract  the  Sun's  longitude  or  place  0  11^     10  7 

Remains  the  Sun's  distance  from  ?  -.  o  1 7  40  ro 

the  solstice  25  —  j  ~' 

Or  77°  49'  53":  each  sign  containing  30  degrees. 

4.  To  find  the  Sun's  delcination.  Enter  ^1  able 
XIV,  with  the  signs  and  degrees  of  the  Sun's  true 
place,  viz.  0*  12°,  and  making  proportion  for  the 
10'  7",  take  out  the  Sun's  declination  answering  to 
his  true  place,  and  it  will  be  found  to  be  4°  49' 
north. 

5.  To  find  the  Moon's  latitude.  This  depends  on 
her  distance  from  her  ascending  node,  which  is 
the  same  as  the  Sun's  distance  from  it  at  the  time 
of  new  Moon  :  and  with  this  the  Moon's  latitude 
is  found  in  Table  XVL 

Now  we  have  already  found,  that  the  Sun's 
equated  distance  from  the  ascending  node,  at  the 
time  of  new  Moon  in  April  1764,  is  O'  7  42'  14 ". 
See  the  preceding  page. 

Therefore,  enter  Table  XVI,  with  O  sign  at  the 
top,  and  7  and  8  degrees  at  the  left  hand,  and  take 
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out  3G'  anJ  39' ,  the  latitude  for  7° ;  and  41'  5J 
llie  latitude  for  8'^:  and  by  making  proportion  be. 
ivvoen  these  lalitudes  for  the  42'  14"  by  wliich  the 
Moon's  distance  from  the  node  exceeds  7  degrees ; 
her  true  latitude  will  be  found  to  be  40  1 8"  north- 
ascending. 

C.  'J'ofind  the  Mcon't  true  horary  motion  from  the 
Sun.  With  the  Moon's  anomaly,  viz.  IVH  24' 
21' ,  enter  Table  XVH,  and  take  out  the  Moon' 
horary  motion  ;  which,  by  making  proportion  in 
that  table,  will  be  found  to  be  30'  22".  Then,  with 
1  he  Sun's  anomaly,  9'  1°  26'  16",  take  out  his 
horary  motion  2  2S '  from  the  same  table ;  and 
jubtracting  the  latter  from  the  former,  there  will 
remain  27  54"  for  the  Moon's  true  horary  motion 
from  the  Sun. 

7.  To  Jind  the  angle  of  the  Moon's  •vitibte  path 
tL-llh  the  cdiplic.  This,  in  the  projection  of  eclip- 
ses, may  be  always  rated  at  3°  35',  without  any 
sensible  error. 

S,  i).  To  fin-.i  the  sem'tdiameters  of  the  Sun  and 
Moon,  Thtsc  are  found  in  the  same  table,  and  by 
the  same  arguments,  as  their  horary  motions.— 
In  the  present  case,  the  Sim's  anomaly  gives  Jus 
semidiametcr  16'  6',  ar.d  the  Moon's  anoniajy 
gives  her  semidiamcler  14'  57"- 

10.  To  find  the  semidiatiieter  of  the  fenumbrk. 
Add  the  Moon's  semidiametcr  to  the  Sun's,  and 
their  sum  will  be  the  semidiamcter  of  the  penum- 
bra, viz.  31'  3  . 

Now  collect  these  elements,  that  they  may  bd 
found  the  more  readily  when  they  are  wanted  in 
the  construction  of  this  eclipse. 

1.  True  time  of  new  Moon  in  5  ,,,  ,„.,  „„,  „.,, 
April  1  (()4  —  3 

2.  Semidiametcr  of  the  Earth's  disc,     O  £4  43 

3.  Sun's  dist.  from  the  nearest  solst.  77  49  J3 

4.  Sun's  declination,  north  4  49     O 

5.  Moon's  latitude,  north-ascending    o  40  is 


The  Delineation  of  Solar  Eclipse 


6.  Moon's  horary  motio 
T.  Angle  of  the  Moon's  visible 
path  with  the  ecliptic         ^ 

8.  Sun's  semidiameter 

9.  Moon's  semidiameter 
Semidiameter  of  the  penumbra 


the  Sun  0  27  5* 


C 

57 


project  an  Eclipse  of  (he  Sun  geomelrical'y. 


Make  a  scale  of  any  convenient  length,  as  ^C,  h-im  xii. 
and  divide  it  into  as  many  equal  parts  as  the  Earth's  '"'S'  '■ 
semi-disc  contains  minutes  of  a  degree  ;  which,  at 
the  time  of  the  eclipse  in  Jpnl  1764,  is  54  43  '. 
Then,  with  the  whole  length  of  the  scale  as  n  ra- 
dius, describe  the  semicircle  AMB  upon  the  centre 
C;  which  semicircle  shall  represent  the  northern 
half  of  the  Earth's  enlightened  disc,  as  seen  from 
the  Sun. 

Upon  the  centre  C  raise  the  straight  line  CH,  , 
perpendicular  to  the  diameter  ACB;  so  ACB  shall 
be  a  part  of  the  ecliptic,  and  CH  its  axis. 

Being  provided  with  a  good  sector,  open  it  to 
the  radius  CA  in  the  line  of  chords;  and  taking 
from  thence  the  chord  of  23^-  degrees  in  your  com- 
passes, set  it  off  both  ways  from  H,  to  g  and  to  h, 
in  the  periphery  of  the  semi-disc;  and  draw  the 
straight  line  gVb,  in  which  the  north  pole  of  the 
disc  will  be  always  found. 

When  the  Sun  is  in  Aries,  Taurus,  Gemini.  Can- 
cer,  Leo,  and  Virgo,  the  north  pole  of  the  Larih 
is  enlightened  by  the  Sun  :  but  while  the  Sun  is  in 
the  other  six  signs,  the  south  pole  is  enlightened, 
and  the  north  pole  is  in  the  dark. 

And  when  the  Sun  is  inCapricom,  Aquarius,Pis- 
ces,  Aries,  'raurus,and  Gemini,  the  northern  half  of 
the  Earth's  axisC  XII  P  lies  to  the  right  hand  of  thf 
axis  of  the  ecliptic,  as  seen  from  the  Sun  ;  and  to 
the  left  hand,  while  iheSim  is  in  the  other  six  sign- 
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Open  ihe  sector  till  the  radius  (or  distance  of  tl 
two  90" s)  of  the  signs  be  equal  to  the  length  of  V. 
and  tike  the  sine  of  the  Sun's  distance  from 
solstice  (11'^  4!)  .53  )  as  nearly  as  you  can  gui 
in  your  compasses,  from  the  line  of  sines,  and  set 
o3"  that  tlistiince  from  V  to  P  in  the  Was  gVh,  be- 
cause the  Earth's  axis  lies  to  the  right  hand  of  the 
axis  of  the  ecliptic  in  this  case,  the  Sun  being  ia 
Aries ;  and  draw  the  straighr  line  C  XU  P  for  the 
Earth's  axis,  of  which  P  is  the  north  pole.  If  the 
Earth's  axis  had  lain  to  the  left  hand  from  the  axis; 
of  the  ecliptic,  the  distance  VP  would  have  b( 
set  olT  from  V  toward  g. 

To  draw  the  parallel  of  latitude  of  any  given  place, 
as  suppose  Landon,  or  the  path  of  that  place  on  the 
Earth's  enlightened  disc  as  seen  from  the  Sun,  from 
Sun-rise  till  Sun-set,  take  the  following  method. 

Subtract  the  lalitude  of  London,  .5U°  from  ytf"^ 
and  the  remainder  3 8}  will  be  the  co-latitude, whid 
take  in  your  compasses  from  thi:;  line  of  chon' 
making  CA  or  CB  the  radius,  and  set  it  from 
(where  the  Earth's  axis  meets  the  periphery  of  lh( 
disc)  to  VI  and  VI,  and  draw  the  occult  or  dottet 
line  VI  K  VI.     Then,  from  the  points  where  tha 
line  meets  the  Earth's  disc,  set  off  the  chord 
the  Sun's  declination  4°  49'  to  D  and  F,  and  to 
and  G,  and  connect  these  points  by  the  two  occi 
lines /^XIIG  and  OLE. 

Bisect  f.K  XU  in  K,  and  through  the  point 
draw  the  black  line  VI  K  VI.  Then  making  CB 
the  radius  of  a  line  of  sines  on  the  s^'ctor,  take  the 
co-latitude  of  London  38s^  from  the  sines  in  your 
compasses,  and  set  it  both  ways  from  A',  to  VI  and 
VI. — These  hours  will  be  just  in  the  edge  of  the 
disc  at  the  equinoxes,  but  at  no  other  time  in  thfe, 
whole  year. 

With  the  extent  K  VI,taken  into  your  compasses, 
set  one  foot  in  A'  (in  the  black  line  below  the  occult 
orie)as  a  centre,  and  with  the  other  foot  describe  ihe 
semicircle  VI,  7,  3, 9, 10,  &c.  and  divide  it  into  13 
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(^qtial  parts.  Then  from  these  poli'its  of  division, 
draw  the  occult  lines  7 p,  8,  on,  £tc.  parallel  to  ihe 
Earth's  axis  C  XII  P. 

With  the  smallextcntiTXII  as  a  radius,  describe 
the  quadrantal  arc  XII_/J  and  divide  it  into  six  equal 
parts,  as  XII  a,  ab,  tc,  cd,  de,  and  ef;  and  through 
the  division- points,  «,  i,  c,  d,  e,  draiv  the  occult 
lines  VII  e  V,  VIU  d  IV,  IX  c  III,  X  i  11,  and 
XI  a  I,  all  parallel  to  VI K  VI,  and  meetint^  the  for- 
meroccult  lines  7p,8o,  &c.  in  tlie'iKiiiits  VII,  VUI, 
IX,  X,  XI,  V.  IV,  in,  II,  and  I:  which  points  shall 
mark  the  several  situations  oi  London  on  the  Earth's 
disc,  at  these  hours  respectively,  as  seen  from  the 
Sun ;  and  the  elliptic  curve  VI  VII  VIII,  &c.  be- 
ing drawn  through  these  points  shall  represent  die 
panillel  of  latitude,  or  path  of  London  on  the  disc, 
as  seen  from  the  Sun,  from  its  rising  to  its  setting. 

A"*.  B.  If  the  Sun's  declination  had  been  south, 
the  diurnal  path  of  London  would  have  been  on  the 
upper  side  of  the  line  VI  JiT  VI,  and  would  have 
touched  the  line  DLJi  in  L. — It  is  requisite  to  di- 
vide the  horary  spaces  into  quarters  (as  some  are  in 
the  figure)  and,  if  possible,  into  minutes  also* 

Make  CB,  the  radius  of  a  iine  of  chord  on  the 
sector,  and  taking  therefrom  the  chord  of  5°  35', 
the  angle  of  the  Moon's  visible  path  ^viih  the  eclip- 
tic, set  it  off  from  //  to  Mon  liie  left  hand  of  CN, 
the  axis  of  the  ecliptic,  Ijecause  the  Moon's  latitude 
is  norlh-asccnding.  TIku  draw  CM  for  the  axis  of 
the  Moon's  orbit,  and  ijisect  the  angle  MCH  by  the 
right  line  Cz.-If  the  Moon's  latitude  had  been  north- 
descending,  the  axis  of  her  orbit  would  have  been 
on  the  right  Iiand  from  the  axis  of  the  ecliptic. — 
A".  £.  'I'he  axis  of  the  Moon's  orbit  lies  the  same 
Way  when  her  latitude  is  south-ascending,  as  when 
it  is  north-ascending;  and  the  same  way  when  south- 
descending,  as  «hcn  north-dcscending. 
:  Take  tlwe  Moon's  latitude  40'  18  '  from  tlie  scale 
a  your  compasses,  and  set  it  from  i  to  x  in  the 
■5  A 
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bisecting  line  Cz,  making  ix  parallel  to  Ctj:  ai 
through  X,  at  right-angles  to  the  axis  of  the  Moon'i 
orbit  CM,  draw  the  straight  line  Nwxij  S,  for  thi 
jrnth  of  the  penumbra's  centre  over  the  Karth's  disc 
The  point  w  in  the  axis  of  tlie  Moon's  orbit,  is  lliat 
where  the  penumbra's  centre  approaches  nearest  to 
tlie  centre  of  the  Eanh's  disc,  and  consequently  is 
the  middle  of  the  general  eclipse :  ilic  point  x  is  that 
where  the  conjunction  of  the  Sun  and  Moon  falls, 
according  to  equal  time  by  the  tables;  and  the  point 
y  is  the  cclipiical  conjunction  of  tlie  Sun  and  Moon. 

Take  the  Moon's  true  horary-  motion  from  llie 
Sun,  27'  54",  in  your  compasses,  from  the  scale 
C.^  (every  division  of  which  is  a  niinirte  of  a  de- 
gree), and  with  tliut  extent  make  miitks  alojig  tlie 
path  of  the  peimmbra's  centre;  and  divide  each  space 
from  niLirk  to  mark  into  sixty  equal  parts  or  horary 
minutes,  by  dots;  and  set  the  hours  to  everj'  60th 
minute  in  such  a  manner,  that  the  dot  signilying  the 
instant  of  new  Moon  by  the  tables,  may  fall  into  the 
jK)int  X,  half  way  between  the  axis  of  the  Moon's 
orbit,  and  the  axis  of  the  ecliptic ;  juid  then  the  rest 
of  the  dots  will  shew  the  points  of  the  Earth's  disc, 
where  the  penumbra's  centre  is  at  the  instants  de- 
noted by  them,  in  its  transit  over  the  Earth. 

Apply  one  side  of  a  sijuare  to  the  line  of  the  pc 
numbra's  path,  and  move  the  square  backward 
forward,  until  the  other  side  of  it  cuts  the  s: 
hour  and  ininuie  (as  at  mand  n)  both  in  the  path' 
London,  and  in  the  path  of  the  penumbra's  centre 
and  the  jiarticular  minute  or  instant  \\  hich  the  sqitarc 
cuts  at  the  same  time  in  both  paths,  shall  be  tlie  in 
litant  ofthe  visible  conjunction  of  the  Sun  and  M" 
or  greatest  obscuration  of  the  Sun,  at  the  plac< 
which  the  construction  is  made,  namely,  jLon 
in  the  present  example ;  and  this  instant  is  at 
minutes  past  X  o'clock  in  the  morning  ;  wluch 
17  minutes  5  seconds  later  than  the  tabular  time 
true  conjunction. 
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Take  the  Sun's  semidiameter,  16'  6",  in  your 
compasses,  from  the  scale  CA^  and  setting  one  foot 
in  the  path  of  London  at  iw,  namely  at  47i  minutes 
past  X,  with  the  other  foot  describe  the  circle  U  \\ 
which  shall  represent  the  Sun's  disc  as  seen  from 
London  at  the  greatest  obscuration. — Then  take  the 
Moon's  semidiameter,  14'  57",  in  your  compasses, 
from  the  same  scale ;  and  setting  one  foot  in  the 
path  of  the  penumbra's  centre  at  w,  47^  minutes 
srfter  X ;  with  the  other  foot  describe  the  circle  TY 
for  the  Moon's  disc,  as  seen  from  London^  at  the 
time  when  the  eclipse  is  at  the  greatest ;  and  the 
portion  of  the  Sun's  disc  which  is  hid  or  cut  oflF  by 
the  Moon's,  will  shew  the  quantity  of  the  eclipse  at 
that  time ;  which  quantity  may  be  measured  on  a 
line  equal  to  the  Sun's  diameter,  and  divided  into 
'  12  equal  parts  for  digits* 

Lastly,  take  the  semidiameter  of  the  penumbra 
31'  3",  from  the  scale  CA  in  your  compasses;  and 
setting  one  foot  in  the  line  of  the  penumbra's  central 
path,  on  the  left  hand  from  the  axis  of  the  ecliptic, 
direct  the  other  foot  toward  the  path  of  Loncbn  ;  and 
carry  that  extent  backward  and  forward  till  lx>th  the 
points  of  the  compasses  fall  into  the  same  instant  in 
both  the  paths ;  and  that  instant  will  denote  the  time 
when  the  eclipse  begins  at  London. — Then,  do  the 
like  on  the  right  hand  of  the  axis  of  the  ecliptic ;  and 
where  the  points  of  the  compasses  fall  into  the  same 
instant  in  both  the  paths,  that  instant  will  be  the 
time  when  the  eclipse  ends  at  London. 

These  trials  give  20  minutes  after  IX  in  the  mom- 
ing  for  the  beginning  of  the  eclipse  at  London^  at  the 
points  JV  and  0;  47^  minutes  after  X,  at  the  points 
m  and  w,  for  the  time  of  greatest  obscuration;  and  18 
minutes  after  XII,  at  R  and  Sy  for  the  time  vihiii 
the  eclipse  ends ;  according  to  mean  or  equal  time. 

From  these  times  we  must  subtract  the  equation 
of  natural  days,  viz.  3  minutes  48  seconds,  in  leap- 
year  April  1,  and  we  shall  have  the  apparent  times; 
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nameij',  IX  hours  16  minutes  12  seconds  foi-  llie 
beginning  of  the  eclipse,  X  hours  43  minutes  4-2 
seconds  for  Uic  time  of  greatest  obscur.ition,  and 
XII  hours  14  minutes  12  seconds  for  the  time  when, 
the  eclipse  ends. — But  the  best  way  is  to  apply  tliis 
equation  to  the  true  equal  time  of  new  Moon,  before 
the  projection  be  begim ;  as  is  done  in  example  1. 
For  the  motion  or  position  of  places  on  the  Earth's 
disc  answers  to  apparent  or  solar  time. 

In  this  construction,  it  is  supposed  tliat  the  angle 
under  which  the  Moon's  disc  is  seen,  during  the 
whole  time  of  ihu  eclipse,  continues  invariably  lh& 
same  and  that  the  Moon's  motion  is  unilbrm  and  , 
rectilinear  duringtliat  time. — But  these  supposition^ 
do  not  exactly  agree  with  the  truth;  and  therefore*, 
supposing  the  elements  given  by  the  tables  to  be  ac- 
curate, yet  the  times  and  phases  of  the  eclipse,  de« ' 
duced  from  its  construction,  will  not  ans»  er  exactly  '. 
lo  wliat  piasses  in  tlie  heavens ;  but  may  be  at  least  ] 
two  or  diree  minutes  wrong,  diough  done  with  the 
greatest  care. — Moreover,  the  patlis  of  all  places  (^ 
considerable  latitudes  are  nearer  the  centre  of  the 
Earth's  disc,  as  seen  from  the  Sun,  than  tliosc  con- 
structions make  them ;  lu'cause  tiie  disc  is  projected 
as  if  the  Earth  were  a  perfect  sphere,  although  it  is 
knoivn  to  be  a  spheroid.  Consetjuently,  the  IVIooii's 
shadow  will  go  farther  northivard  in  all  places  irf 
northern  latitude,  and  fardter  soutluvard  in  all  placeaj 
of  southern  latitude,  than  it  is  shewn  to  do  in  the 
projections, — iVccording  to  Mai/er's  tables,  til 
eclipse  will  be  about  a  quarter  of  an  Iiour  soon< 
than  either  these  tables,  or  Mr.  FlamsteaWs,  or  Dr. 
Jlallei/s,  make  it :  and  Mai/er''s  tables  do  not  malu 
it  annular  at  London. 
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The  projection  oflAmar  Eclipses^ 

When  the  Moon  b  withki^  12  degrees  of  eidier  of 
her  nodes,  at  the  time  when  she  is  ftiU,  she  will  be 
eclipsed,  otherwise  not. 

We  find  by  example  IL  page  351,  that  at  the 
time  of  mean  full-  Moon  in  Muy^^  1762,  the  Sun's 
distance  from  the  aseendkig  node  was  only  4^  49^ 
35'',  and  the  Moon  being  then  opposite  to  Uie  Sun» 
must  have  been  just  as  near  her  descendinfic  node, 
and  was  therefore  eclipsed. 

The  elements  for  constructing  an  eclipse  of  the 
Moon  are  eight  in  number,  as  follows : 

1.  The  true  time  of  full  Moon :  and  at  that  time. 
2.  The  Moon's  horizontal*  parallax.  3.  The  Sun's 
semidiameter.  4.  The  Moon's.  5.  The  senlidia- 
meter  of  the  Earth's  shadow  at  the  Moon.  6.  T^hc 
Moon's  latitude.  7.  The  angle  of  the  Moon's  visi* 
ble  path  with  the  ecliptic.  8.  The  Moon's  true 
horary  motion  fix)m  the  Sun. — Therefore, 

1.  To  find  the  true  time  offuU  Moon.  Work  as 
already  taught  in  the  precepts.-^Thus  we  have  the 
true  time  of  full  Moon  in  May^  1762,  (see  exam- 
ple II.  page  351,)  on  the  8th  day,  at  50  minutes  50 
seconds  past  III  o'clock  in  the  morning. 

2.  To  find  the  Moon's  horizontal  parallax.  Enter 
Table  XVII.  with  the  Moon's  mean  anomaly  (at 
the  above  fall)  9*  2°  42'  42",  and  thereby  take  out 
her  horizontal  parallax ;  which  by  making  the  re- 
quisite proportion,  will  be  found  to  be  57'  20". 

3^  4.  To  find  the  semidiameters  of  the  Sun  and 
Moon.  Enter  Table  XVII,  with  their  respective 
anomalies,  die  Sun's  being  10*  7^  27'  45"  (by  the 
above  example),  and  the  Moon's  9*  2°  42'  42" ;  and 
thereby  take  out  their  respective  semidiameters :  the 
Sun's^  15'  56",  and  die  Moon's  15'  39". 

5.  To  find  the  semidiameter  of  the  Earth's  slui- 
doxv  at  the  Moon.  Add  the  Sun's  horizontal  paral* 
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lax,  whicli  is  always  10",  to  the  Moon's,  which  in 
the  present  case  is  57'  20",  the  sum  will  be  5T  30", 
fromivhich  subtract  the  Sun's  semidiameter  IS'  56", 
and  there  will  remain  41'  34"  for  the  semidiameter 
of  that  part  of  the  pjarth's  shadow  which  the  Moon 
then  passes  through, 

6.  To  find  the  Afoon's  latitude.  Find  the  Sun's 
true  distance  from  tlie  ascending  node  (as  already 
taught  in  page 361)  at  the  true  time  of  full  Moon; 
and  this  distance,  increased  by  six  signs,  will  be  ihe 
Moon's  true  distance  from  the  same  node ;  and  con. 
sequently  the  argument  for  finding  her  true  latitude, 
as  shewn  in  page  363. 

Thus,  in  example  II.  the  Sun's  mean  distance 
from  the  ascending  node  was  0'  4°  49'  35",  at  the 
time  of  mean  full  Moon  :  but  it  appears  by  the  ex- 
ample, that  the  true  time  Iticreof  was  6  hours  33 
minutes  38  seconds  sooner  than  the  mean  time,  and 
therefore  we  must  subtract  the  Sun's  moiion  from 
the  node  (found  in  Table  XII,  page  342)  during 
this  interval,  from  the  abo\e  mean  distance  0'  4°  49' 
35",  in  order  to  have  his  mean  distance  from  it  at 
the  tnie  time  of  full  Moon. — Then  to  this  apply  tlie 
equation  of  his  mean  distance  from  the  node  found 
in  Table  XV.  by  his  mean  anomaly  10'  7''  27'  45"; 
£uid  lastly,  add  six  signs :  so  shall  the  Moon's  true 
distance  from  the  ascending  node  be  found  as 
follows : 

Sun  from  node  at  mean  full  Moon         0    4  49  35 


(    6  hou: 

1  it  in    I  33  mini 

(  38  seco 


J  hours  15  35 

His  motion  from  it  in   ^  33  minutes  1  26 

3  seconds  2 

Sum,  subtract  from  the  uppermost  line  17     3 

Remains  his  mean  distance  at  true  )       ,,    .   ..  „_ 
full  Moon        —         -  ^       0  4  32  o2 
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Equation  of  his  mean  distance,  add     0    1  38    0 

Sun's  true  distance  from  the  node       0    6  10  32 
To  which  add  6     0    0    0 


And  the  sum  will  be  6     6  10  32 

which  is  the  Moon's  true  distance  from  her  as- 
cending  node  at  the  true  time  of  her  being  full ;  and, 
consequenUy  the  argument  for  finding  her  true  lati- 
tude at  that  time. — Therefore,  with  this  argument, 
enter  Table  XVI.  making  proportion  between  the 
latitudes  belonging  to  the  6th  and  7th  degree  of  the 
argument  at  the  left  hand  (the  signs  being  at  the 
top)  for  the  10'  32",  and  it  will  give  32'  21"  for  tiic 
Moon's  true  latitude,  which  ap|)ears  by  the  table  to 
be  south-descending. 

7.  To  find  the  angle  of  the  Moon^s  visible  paili 
with  the  ecliptic.  This  may  be  stated  at  5^  35'^ 
without  any  error  of  consequence  in  the  projection 
of  the  eclipse. 

8.  To  find  the  Moon^s  true  horary  motion  firom 
the  Sun.  With  their  respective  anomalies  take  out 
their  horary  motions  fix)m  Table  XVII.  in  page  346; 
and  the  Sun's  horary  motion  subtracted  from  the 
Moon's,  leaves  remaining  the  Moon's  true  horary 
motion  from  the  Sun :  in  the  present  case  30'  52". 

Now  collect  these  elements  together  for  use. 


1.  True  time  of  full  Moon  in 
May^  1762 


} 


2.  Moon's  horizontal  parallax 

3.  Sun's  semidiameter 

4.  Moon's  semidiameter 

5.  Semidiameter  of  the  Earth's  shadow  1   a  ^i  ^.i 
at  the  Moon  I  ®  *^  ^* 
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6.  Moon's  true  latitude,  south-descendiiig  0  32  2M 

7.  Angle  of  her  vi&ible  path  witli  the")       _  .  J 
edjptic                                             J      ^  -^^     "J 

-B.  Her  true  horary  motion  from  the  Sun   0  30  SiA 

I-     These  elements  being  found  for  the  constmction 
of  the  Moon's  eclipse  in  May  1762,  proceed  as] 
follows : 

Make  a  scale  of  any  convenient  Icngtli,  as  l^X^l 
and  divide  it  into  60  etjiiol  parts,  each  part  utanding^ J 
ibr  a  minute  of  a  degree.  I 

Draw  the  right  line  ACIi  {Fig.  3.)  for  jjart  ofl 
tlie  ecliptic,  and  CJi  perpendicular  lo  it  for  th«^ 
wmtheni  part  of  its  a:;is;  the  Moon  having  soutlu 
latitude. 

Add  the  scmidiamcters  of  the  Moon  and  Eartli'd 
shadow  together,  which,  in  this  eclipse,  will  makfrl 
57'  13"  ;  and  take  this  from  the  scale  in  your  com- 
pasiies,  and  setting  one  foot  in  the  point  C,  as  a  cen- 
tre, with  tlic  otlier  foot  describe  the  semicircle 
.iDB;  in  one  point  of  which  the  Moon's  centre 
(vill  tje  at  die  beginning  of  Uie  eclipse,  and  in  an- 
other at  tiie  end  of  it. 

Take  the  semidia  meter  of  the  Earth's  shadow^  ] 
41'  34",  in  your  compasses  from  the  scale,  and  set- 
ting one  loot  in  the  centre  C,  with  the  other  foot  dc- 
serif*  the  semicircle  KLM  for  the  southern  half 
c)f  the  Earth's  shadow,  because  the  Moon's  latitude^ 
is  south  ill  this  eclipse. 

Make  C  D  the  radius  of  a  line  of  chords  on  1 
sector,  and  set  off  the  anj^le  of  the  Moon's  -t'taA 
ble  path  with  the  ecliptic,  5°  35',  from  D  to  .£.',  are 
draw  the  right  line  C  FE  for  the  southern  half  a 
ihe  axis  of  the  Moon's  orbit,  lying  to  the  right  ham 
from  die  axis  of  the  ecliptic  CD,  because  the  Moon>i 
latitude  is  south-descending. — It  would  have 
the  same  way  (on  the  other  side  of  the  ecliptic)  i 
her  btiiudehad  been  north- descending;  but  contraryi^ 
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in  both  cases,  If  her  latittide  had  been  either  north- 
ascaiding  or  south-ascending. 

Bisect  the  :ingle  DC  E  by  the  right  line  C  g,  in 
whicJ)  line  the  true  equal  time  of  opposition  of  llie 
Sun  and  Moon  falls,  as  given  by  the  tables. 

Take  the  Moon's  latitude,  32'  21",  from  the  scale 
will]  your  comjiasscs,  and  set  it  from  Clo  G,  in  the 
tine  CG g ;  and  through  the  point  G,  at  right  an- 
gles to  C"  F  E,  draw  the  right  line  P  IJ  G  F  N  for 
the  path  of  the  Moon's  centre.  Then  F  shall  Ix: 
the  ix)iiit  in  the  Earth's  shadow,  where  the  Moon's 
centre  is  at  the  middle  of  the  eclipse;  G,  the  point 
^vhere  her  centre  is  at  llie  tabular  lime  of  her  be- 
ing full;  aoAH,  the  point  where  her  cent  re  is  at  the 
instant  of  her  ecliptical  opposition. 

Take  the  Moon's  horarj-  motion  from  the  Sun,  30' 
52",  in  your  compasses  from  the  scale;  and  with 
that  extent  make  marks  along  the  line  of  the  Moon's 
path,  P  G  A*.'  'i'hen  di\idc  each  space  from  mark 
to  mark,  into  60  equal  parts,  or  horarj-  minutes,  and 
set  the  hours  to  the  proper  dots  in  such  a  manner, 
that  the  dot  signifying  the  instant  of  full  Moon,  (viz, 
50  minutes  SO  seconds  after  III  in  the  morning) 
may  I)e  in  the  point  G,  where  the  line  of  the  Moon's 
path  cuts  the  line  that  bisects  the  angle  D  C  E. 

Take  tl»e  Moon's  scmidiameter,  15'  39",  in 
your  compasses  from  the  scale,  and  with  tliat  ex- 
tent, as  a  radius,  upon  ihc  points  A*,  F,  and  P,  as 
centres,  describe  llie  circle  Q  for  tlie  Mofin  at  the 
lieginning  of  the  eclipse,  when  she  touches  the 
tlarth's  snadovv  at  F ;  tlie  circle  R  for  tlie  Moon  at 
the  middle  of  the  eclipse  ;  and  the  circle  S  for  the 
Moon  at  the  end  of  the  eclipse,  just  leaving  the 
Karth's  shadow  at  IF. 

The  point  A"  denotes  the  instant  when  the  eclipse 
begins,  namely,  at  15  minutes  10  seconds  after  U 
in  the  raorning;  the  point  F  the  middle  of  the 
eclipse,  at  47  minutes  45  seconds  past  III  ;  and 
the  point  P  the  end  of  tlw  eclipse,  at  18  minutes 
after  V. — At  the  greatest  obscuration  the  Moon  is 
10  digits  eclipsed.  3  B 
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Concerning  an  ancient  Eclipse  of  the  Moon. 

It  is  recorded  by  Ptolemy,  from  HippareJm 
ihat  on  ihe  2id  of  September,  tlie  year  201  before 
the  firsi  jear  of  Christ,  the  Moon  rose  so  mucli 
eclipsed  at  Alexandria,  that  the  ecUpse  must  have 
begun  about  half  an  hour  before  she  rose. 

Mr.  Carey  puts  down  the  eclipse  in  his  ChronOr' 
logy  as  follows,  among  several  other  ancJcM  on< 
recorded  by  different  authors : 

Jut.  Per.  [  Ecl.#/'fr.Ca///i,  2  ^n.  54.  flbr.r.  |  A'aianatMor^^ 

4513.  P.M.Mtxandr.  Dis-eceLyQ.  $i7. 

Scfir.  22.  \  IPtalem.  I.  *.  e,  li.']  \     Mfior.  \S. 

That  is,  ID  the  4513th  year  of  the  Julian  period, 
which  was  the  547th  year  from  Aabonassar,  and  , 
the  54th  year  of  the  second  Calipic  period,  on  tb 
16th  day  of  the  month  Mesori,  (\\Iiich  answers  t( 
the  22d  of  September)  the  Moon  was  10  digit 
eclipsed  at  Alexandria,  at  7  o'clock  in  the  cvctungj 

Now,  as  our  Saviour  was  born  (according  to 
Dionysian  or  vulgar  ara  of  his  birth)  in  the  47131 
year  of  the  Julian  period,  it  is  plain  that  the  451:" 
year  of  that  period  was  ihe  200th  year  before 
year  of  Christ's  birth;  and  consequently  201  yi 
before  the  year  of  Christ  1. 

And  in  the  year  201,  on  the  22d  of  SepCembeft 
it  appears  by  example  V.  (page  354)  that  tne  Mi 
was  full  at  26  minutes  28  seconds  jiasl  VIl  in 
evening,  in  the  meridian  of  Alexandria. 

At  that  time,  the  Sun's  place  was  Virgo  26*  !■ 
according  to  our  tables  ;    so  tliat  the  Sun  was 
within  4  degrees  of  the  autumnal  equinox ;  and 
cording  to  calculation  he  must  have  set  at  Alex 
dria  about  5  minutes  after  VI,  and  alxiut  one  de* 
gree  north  of  the  west. 

The  Moon  being  full  at  that  time,  would  have  risen 
just  at  Sun<set,  about  one  degree  south  of  the  eaat», 
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if  she  had  been  in  either  of  her  nodes,  and  her  visi- 
ble place  not  depressed  by  parallax. 

But  her  parallactic  depression  (as  appears  from 
her  anomaly,  viz.  10*  6^  nearly)  must  nave  been 
55'  17" ;  which  exceeded  her  whole  diameter  by 
24'  53'' ;  but  then,  she  must  have  been  elevated  33' 
45"  by  refraction;  which,  subtracted  from  her 
parallax,  leaves  21'  32"  for  her  visible  or  apparent 
depression* 

And  her  true  latitude  was  30|  north-descending, 
which  being  contrary  to  her  apparent  depression, 
and  greater  than  the  same  by  8'  58",  her  true  time 
of  rising  must  have  been  just  about  VI  o'clock. 
Now,  as  the  Moon  rose  about  one  degree  south  of 
the  east  at  Alexandria^  where  the  visible  horizon  is 
land,  and  not  sea,  we  can  hardly  imagine  her  to  have 
been  less  than  15  or  20  minutes  of  time  above  the 
true  horizon  before  she  was  visible. 

It  appears  by  Fig.  4,  which  is  a  delineation  of  this 
eclipse  reduced  to  the  time  at  Alexandria^  that  the 
eclipse  began  at  53  minutes  after  V  in  the  evening ; 
and  consequently  7  minutes  before  the  Moon  was  in 
the  true  horizon ;  to  which  if  we  add  20  minutes 
for  the  interval  between  her  true  rising  and  her  be- 
ing visible,  we  shall  have  27  minutes  for  the  time 
that  the  eclipse  was  begun  before  the  Moon  was  vi« 
sibly  risen.  The  middle  of  this  eclipse  was  at  30 
minutes  past  VII,  when  its  quantity  was  almost  10 
digits,  and  its  ending  was  at  6  minutes  past  IX  in 
the  evening.  So  that  our  tables  come  as  near  to 
the  recorded  time  of  this  eclipse  as  can  be  expect- 
ed, after  an  elapse  of  1960  years. 
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CHAP.  XVIII. 

Ofthejixed  Stars. 

^  .  iT^HE  Stars  are  said  to  be  fixcfi,  because  | 
j54.  J^  ^jj^y  jjg^g  jjgpi^  generally  observed  t» 
keep  at  the  same  distances  from  each  other,  their 
apparent  diurnal  revolution  being  caused  solely  by  ' 
the  Earth's  turning  on  its  axis.  They  appear  of  a 
sensible  magninide  to  the  bare  eye,  because  the 
retina  is  affected  not  only  by  the  ra}-s  of  light 
which  are  emitted  directly  fioni  them,  but  by 
many  thousands  more,  which  Calling  upon  our 
eye-lids,  and  upon  the  aerial  particles  about  us, 
are  reflected  into  our  eyes  so  strongly,  as  to  excite 
vibrations  not  only  in  those  points  of  the  retina 
wliere  the  real  images  of  the  stars  are"  formed,  but 
also  in  other  points  at  some  distance  round  about.  _ 
This  makes  us  imagine  the  stars  to  be  much  biggct 
th;in  they  would  appear,  if  we  saw  them  only  by  tW 
few  rays  coming  directly  irom  them,  so  as  to  cnltS 
our  eyes  \vilhout  being  intermixed  with  others.  Ar^ 
one  may  be  sensible  of  this,  by  looking  al  a  star  0 
the  first  magnitude  through  a  long  narrow  tufoel 
%vhich,  though  it  takes  in  as  much  of  the  sky  I 
would  hold  a  thousand  such  stars,  it  scarce  r 
t/tacune  visible. 

The  more  a  idcscoi^e  magnifies,  tlie  less  is  tl 
aperture  through  which  die  sUir  i-,  seen  ;  and  CO 
suquenlly  the  fewer  raysitadmiis  into  ihc  eye.  Nol 
since  llie  stars  appear  kbs  in  a  ickbcopc  which  B 
nifies  200  times,  than  ihey  do  to  the  bare  eye,  i 
much  that  they  seem  to  be  only  indivisible  pobM 
it  proves  at  once  that  the  stars  are  at  immense  ^ 
tances  from  us,  ai«l  that  tliey  shine  by  tJicir  iM 
proper  light.  If  ihey  shone  by  borrowed  ligq 
ihey  would  lie  as  invisible  h  ithout  telescopes  as  t 
satellites  ol  Jupiter  are  j  for  these  siitelliies  appi 
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bigger  when  viewed  with  a  good  telescope  than  the 
largest  fixed  stars  do. 

355.  The  number  of  stars  discoverable  in  ei- 
ther hemisphere,  by  the  naked  eye,  is  not  above  a 
thousand.     This  at  first  may  appear  incredible,  be. 
cause  they  seem  to  be  without  number :  but  the  de-  Their 
ception  arises  from  our  looking  confusedly  upon  ^"J^^l^ss 
thcra,  without  reducing  them  into  any  order.    ForihanU 
loot  but  stedfestly  upon  a  prett)'  large  portion  of  the  ^*"*^^ 
Rky,  and  count  die  number  of  stars  in  it,  and  you'""^' 
«ill  be  surprised  to  find  them  so  few.     And,  if  cme 
considers  how  seldom  the  Moon  meets  with  any 

stars  In  her  way,  although  there  are  as  many  about 
her  path  as  in  other  parts  of  the  heavens,  he  w  ill 
soon  be  convinced  that  the  stars  are  mucii  thinner 
sown  than  he  was  aware  of.  The  British  catalogue, 
which,  besides  the  stars  visible  to  the  bare  eye,  in- 
chides  a  gi-eat  number  which  cannot  be  seen  with- 
out the  assistance  of  a  telescope,  contains  no  more 
than  3000  in  both  hemispheres. 

356.  As  wc  have  incomparably  more  light  from  Tiiertr 
the  Moon  than  fiom  all  die  stars  together,  it  is  the",'[^fi^ 
greatest  absurdity  to  imagine  that  the  stars  were[i«»UfB 
made  for  no  other  purpose  than  to  cast  a  faint  light  "^j"  . 
upon  ihe  Earth :  especially  since  many  more  require  to'fhjiw 
the  assistance  of  a  good  telescope  to  find  ihtm  out,  J't""  "^ 
than  arc  visible  without  that  instrument.     OiirSuUnlgiiT. 

13  surrounded  by  a  system  of  planets  and  comets; 
all  of  M'liich  would  be  invisible  from  the  nearest 
fixed  star.  And  from  what  we  already  know  of  the 
immense  distance  of  the  stars,  the  nearest  may  be 
computed  at  32,000,000,000,000  of  miles  from  us. 
which  is  further  ttian  a  cannon-ball  would  fiy  iu 
7,000,000  of  years.  Hence  it  is  easy  lo  prove, 
thattheSun,  seen  from  such  a  distance,  would  ap. 

r:ar  no  bigger  than  a  slar  of  the  tirst  magnitude, 
rom  all  thi't  it  is  highly  probable  tlmt  each  star  is  a 
Sun  to  a  system  of  worlds  nioviiit;  round  it,  tliough 
unseen  by  us;  especisilly  as  thedtKtnnc  of  phiraU- 
ty  of  worlds  is  nrttonal,  and  greatly  manifests  the 
ruwcr.  Wisdom,  and  Ooodnenr.  of  the  Great  Cre- 
ator. 


Ofthejixed  Stars. 

Lf.     357.  The  stars,  on  account  of  their  apparently 
various  magniludes,  have  been  distributed  into  s""^ 
vcral  classes  or  orders.     Those  which  appear  la 
est,  are  called  stars  of  the  Jirst   tnag/iitut/e  ; 
next  to  them  in  lustre,  stars  of  the  second  magm 
tilde;  and  so  on  to  the  sixth  ;  \vhich  are  the  small 
est  that  are  visible  to  the  bare  eye.     This  distribi^ 
tion  having  been  made  long  beibrc  the  invention  t 
telescopes,  the  stars  which  cannot  be  seen  withoui 
the  assistance  of  these  instruments,  are  disiitiguts' 
ed  by  the  name  of  telescopic  stars. 
And  divi-      358,  The  ancients  divided  the  starry  sphere  intt 
cIInltBiu.  particular  constellations,  or  systems  of  stars, 
ibns.       cording  as  tliey  lay  near  one  another,  so  as  to  occuj 
py  those  spaces  with  the  figures  of  different  sorts  o 
animals  or  things  would  take  up,  il'  they  were  thcr« 
delineated.    And  those  stars  which  could  not  be 
brought  into  any  particular  constellation,  were  called 
unformed  stars. 
TLc  uic        -^^^-   This  division  of  the  stars  into  diflcrent  con- ^ 
oF  this  di- stellations  or  asterisms,  serves  to  distinguish  then 
*iBion.      from  one  another,  so  that  any  particular  star  n 
be  re:idily  lound  in  the  heavens  by  means  of  a  i 
lestial  globe  ;   on  m  hich  the  constellations  are  so  dc^ 
lineated  as  to  put  the  most  remarkable  stars  inU 
such  parts  of  the  figures  as  are  most  easily  distic 
guished.     The  number  ol'  the  ancient   conslelll 
tions  is  48,  and  upon  our  present  globes  about  70^ 
On  Senex^s  globes,  Bayer's  letters  are  inserted  |] 
the  first  in  the  Greek  alphabet  being  put  to  the  big^ 
gest  star  in  each  constellation,  the  second   to  th 
nest,  and  so  on  :  by  which  means,  every  star  is  a 
easily  found  as  if  a  name  were  given  to  it.     ThuaJ 
if  the  star  tp  iu  the   coiisicllation  of  the  Ratn  I 
mentioned,  every  astronomer  kno«s  as  well  wh 
star  is  nieont,  as  if  it  were  pointed  out  to  him  ill  the 
heavens. 
The  zidi.     56U.  There  is  also  a  division  of  the  heavens  into 
""■  thrte    p«rts.     1.   The  zodiac    (V'"«)    from 

zodiori  an  animal,  because  most  of  [)ic  coiistellatia 
in  it,  w  hich  arc  tweUx  in  number,  are  die  figures  q 
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animals:  as  ^r'tes  the  Ram,  Taurus  the  Bull,  Ge- 
niini  the  twins,  Cancer  the  Crab,  Leo  the  Lion, 
yirgo  the  ^'i^gin,  Liira  the  Bahiiicc,  Scorpio  the 
Scorpion,  Sapttarius  the  Archer,  Capricornus  tlic 
Goat,  .^l^uarius  tfie  Water-bearer,  and  Pisces  the 
Fishes.  The  zodiac  goes  quite  round  the  heavens : 
it  is  about  16  degrees  broad,  so  that  it  takes  in  the 
orbits  of  all  the  planets,  and  likewise  the  orbit  of  tlic 
Moon.  Along  the  middle  oftliis  zone  or  belt  is  the 
ecliptic,  or  circle  which  ilie  Earth  describes  annuall}' 
as  seen  from  the  Sun;  and  which  the  Sun  appears 
to  describe  as  seen  from  the  Earth.  2.  All  that  re- 
gion oj'  the  heavens,  which  is  on  the  north  side  of 
the  zodiac,  containing  21  constellations.  And,  3d, 
That  on  the  south  side,  containing  15. 

361.  The  ancients  divided  die  zodiac  into  theTh«inin- 
above  12  constellations  or  signs  in  the  following '1"'*'^'?'" 
manner.  They  took  a  vessel  \vitli  a  small  Jiolc  in  bj  "bVui- 
the  bottom,  and  having  filled  it  widi  water,  suffered  c'ents. 
the  same  to  distil  drop  by  drop  into  another  vessel 
set  beneath  to  receive  it ;  beginning  at  iIil-  moment 
when  some  star  rose,  and  continuing  until  it  rose  the 
next  folio\ving  night.  The  w:iter  falling  down  into 
the  receiver,  they  divided  into  twelve  equal  parts; 
and  having  two  other  small  vessels  in  readiness,  each 
of  them  lit  to  contain  one  part,  they  again  poured  all 
the  water  into  the  upixrr  vessel,  and,  observing  die 
,  rising  of  some  star  in  the  zodiac,  they  at  ihc  same 
time  suffered  the  water  to  drop  into  one  of  the  small 
vessels;  and  as  soon  as  it  was  full,  they  shifted  it, 
and  set  an  empty  one  in  its  place.  When  each  ves- 
sel was  full,  they  took  notice  *vhat  star  of  the  zodiac 
rose  V  and  though  this  could  not  be  done  in  one 
night,  yet  in  many  they  observed  ific  rising  of  twelve 
stars  or  pomts,  by  which  ihey  divide  the  zodiac  into 
twch'e  parts. 
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Ofthejixed  Stars. 
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362,  The  names 

of  the  constellations  and  the  number  (rf 

stars  observed  iii  each  of  tliem  by  different  astronomers, 

are   ^ 

as  tbilows  : 

a 

'the  Little  Bear 

8        7      13 

24H 

Ursa  major 

The  Great  Bear 

35      29      73 

87  ■ 

Draco 

The  Dragon 

31      33     40 

89^ 

Cepheus 

Cepheus 

13        4      St 

3$S 

BoMes,  Artto/ifdlax 

23     1»     53 

5«a 

Coix)na  Boreal  is 

The  Northern  Crown 

S       8       8 

Slfl 

Hercules  kneeling 

29     38     4S 

iisS 

Lyra 

The  Haip 

10     11      17 

21^ 

Cj-gnus,  Gallina 

The  Swan 

19      13     47 

81 

Cassiopc*    . 

The  Lady  m  her  Chair 

13     36     47 

55 

Perseus 

Perseus 

39     39     46 

59 

Auriga 

The  Waggoner 

14       9     40 

66 

SerpenwrKis,  O/ihiuthut    Scrpcntanus 

»     15     40 

74 

Serpens 

The  Serpent 

IS     n     33 

64 

Ssgttra 

The  Arrow 

5        3        5 

18 

Aquila,  Vuliur 

The  Eagle? 
Antinuus     \ 
The  Dolphin 

"VI  T4 

71 

Antinuus 

Delphinus 

10      10      14 

>8         . 

Equulus,  Egai  aeclia 

The  Horse's  Head 

4       +       8- 

10        1 

Pegasus,  Jifjuvi 

The  l-Iying  Horse 

30      19      S» 

e^M 

Andromeda 

Andromeda 

33     23     47 

^^M 

Triangulum 

The  Triangle 

4       4     12 

isV 

Aries 

The  Ram 

IS     31     37 

6«^ 

Taurus 

The  Bull 

44     43     51 

141  ^ 

Gemini 

The  Twins 

35     35     38 

85 

Cancer 

The  Crab 

23     15     39 

63 

Leo 

The  Lion            ? 
Berenice's  Hair  J 

35  $30     49 
•^*iU.   21 

95 

Coma  Berenices 

43 

Virgo 

The  Virgin 

32     SS     50 

II& 

Libra,  Chtlg 

The  Scales 

IT     10     90 

SI 

Scorpius 

The  Scorpion 

24      10     30 

44 

Sagittarius 

The  Archer 

31      14     32 

69 

Capricorn  us 

The  Goat 

28     38     39 

51 

Aquarius 

The  Water-Dearer 

45     41     47 

IP* 

Pisces 

The  Fishes 

S8     36     39 

itaH 

Cetus 

The  Whale 

33     21     45 

flM 

Orion 

Orion 

3S     42     63 

^v 

Eridanus,  Fluviut 

Eridanus,  Ihe  Pivrr 

34     10     27 

8*^ 

Lepus 

The  Hare 

13      13      16 

19 

Canis  major 

The  Great  Dog 

39      13     21 

31 

Canis  miaot 

The  LitUe  Dog 

3        2      13 

U 

1 

^^^_ 

M 
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Tiie  ancient  Constellatiaili. 


Arg:o 

Hydra 

Crater 

Corvus 

Centuurus 

Lupus 

Ara 

Corono  Australis 

Piscia  AustraUs 


The  Ship  45 

The  Hydra  27 

The  Cup  r 

The  Crow  7 

The  Centaur  37 

The  Wolf  19 

The  Altar  7 

The  Southern  Grown  IS 

The  Southern  Fish  18 


Puiemjf.  lychokSe^eLFianuu 


3 

19 

3 

4 


4 
31 
10 


The  New  Soudiern  Constellations. 


Columl^  Naochi 

Robur  Carolinum 

Grus 

Phoenix 

Indus 

Pavo 

ApuS)  wfvff  Indica 

Apis,  Mu9ca 

Chamseleon 

Triangulum  Australis 

Piscis  volans,  Pastr 

Dorado,  Xiphiaa 

Toucan 

Hydrus 


Noah's  Dovie 
The  Royal  Oak 
The  Crane 
The  Phenix 
The  Indian 
The  Peacock 
The  Bird  of  Paradise 
The  Bee  or  Fly 
The  Chameleon 
The  South  Triangle 
The  Flying  Fish 
The  Sword  Fish 
The  American  Goose 
The  Water  Snake 


64 
60 
31 

9 
35 
34 

9 
12 
24 


10 
12 

»13 

13 

12 

U 

11 

4 

10 

5 

S 

9 
10 


Hwetttu's  Constellations  made  out  of  the  unformed  Stars. 


Lynx 

Leo  minor 
Asteron  8c  Chara 
Cerberus 

Vulpecuia  &  Anser 
Scutum  Sobieski 
Lacerta 

Camelopardaltis 
Monocevos 
Sextans 


The  Ljrnx 
The  Little  Lion 
The  Greyhounds 
Cerberus 

The  Fox  and  Goose 
SobieskL's  Shield 
The  Lizard 
The  Camelopard 
The  Unicom 
The  Sextant 


Mcceliiu.  Fionut. 

19    44 

53 

25 


33 

4 

57 

7 

52 
19 
11 


35 

16 
58 

3l 
41 


363.  There  is  a  remarkable  track  round  the  hea-  ^«  -^^ 
vens,  called  the  MUky  Way^  from  its  peculiar  white-    ^' 
ness,  which  is  found,  by  means  of  the  telescope,  to 
be  owing  to  a  vast  number  of  very  small  stars,  that 

SC 


Of  Lvcid  Spots  in  the  Heavens. 

arc  situate  in  that  part  of  the  heavens.    This  tr: 
appears  single  in  some  parts,  in  others  double. 

3fi4.  There  are  several  little  whitish  spots  in  il 
heavens,  which  appear  magnified,  and  morclun 
nous  when  seen  through  telescopes ;  yet  without  ai 
stai-s  inlheni.    One  of  these  is  in  Andrsmeda's  gi 
die,  and  was  first  observed  A.  D.  1612,  by  Sim  _ 
Mariui :  it  Jias  some  whitish  rays  near  its  middl^ 
is  liable  to  several  changes,  and  is  sometimes  invir ' 
ble.    Another  is  near  the  ecliptic,  between  the  h< 
and  bow  of  SagUtariuj :  it  is  small,  but  very  li 
niinous.     A  third  is  on  the  back  of  the  Cenlaufi 
which  is  too  far  south  to  be  seen  in  Britain. 
fourth,  of  a  smaller  size,  is  before  Antfmui's  rigi 
foot,  having  a  star  in  it  which  makes  it  appear  moj 
bright.     A  fifth  is  In  the  constellation  of  Herculctx 
between  the  stars  ?and  »,  which  spot,  though  bi 
small,  is  visible  to  the  bare  eye,  if  the  sky  be  cleaTi 
and  the  Moon  absent. 

J65.  Cloudy  stars  are  so  called  from  their  niistj. 
nppearaiiee.  They  look  like  dim  stars  to  the  nak^i 
eye ;  but  through  a  telescope  ihey  appear  broad  illu- 
miuated  parts  of  the  sky  ;  in  some  of  which  is  one 
star,  in  otiiersinorei  Five  of  these  are  mentioned 
by  Ptolemy.  1.  One  at  the  extremity  of  the  right 
hand  of  Perseus.  2.  One  in  the  middle  of 
Crah.  3.  One,  unformed,  near  the  sting  of 
Scorpion.  4.  The  eye  of  Sagittarius.  5,  One 
the  head  of  Orion.  In  the  first  of  these  appear  more 
stars  through  the  telescope  than  iu  any  of  the  rest, 
aJlhough  2i  have  been  counted  in  the  head  ol' Orion, 
and  above  forty  in  that  of  the  Crao.  Two  are  visi- 
ble  in  the  eye  of  Sagittarius  without  a  telescope, 
and  several  more  with  it.  h'lamsiead  observed  a 
cloudy  star  in  the  bow  of  Sagittarius,  containing 
,  many  small  stars :  and  the  star  d  above  Sagittarim's 
right  shoulder  is  encompassed  with  several  more. 
Both  Cassrni  and  Flamstead  discovt^red  one  b«we«' 
the  Great  and  Little  Dog,  which  is  very  full  of  stan 


ore~ 


Of  new  Periodical  Stars.  Sftfi 

visible  only  by  the  telescope.  The  two  whitish  spots 
near  the  south  pole,  called  the  Aiagellank  ctoudi  by 
sailors,  which  to  the  bare  eye  resemble  part  of  the 
Milky  Way,  appear  through  telescopes  lo  be  a  mix-  "^  ^'"*' 
lure  of  small  clouds  and  stars.  But  the  most  rs- cmkU. 
markabte  ol  all  tbe  cloudy  stars  is  that  in  the  middle 
of  Orion's  sword,  where  seven  stars  (of  which  three 
are  very  close  together)  seem  to  shine  through  a 
cloud,  very  lucid  near  the  middle,  but  faint  and  ill- 
defined  about  the  edges.  It  looks  like  a  gap  in  the 
sky,  through  which  one  may  see  (as  it  were)  part  of 
a  much  brighter  region.  Although  most  of  lliese 
spaces  are  but  a  few  minutes  of  a  degree  in  breadth, 
yet,  since  ih>^y  are  among  the  fixed  stars,  they  must 
be  spaces  larger  than  what  is  occupied  by  our  solar 
system  ;  and  in  which  there  seems  to  be  a  perpetual 
uninterrupted  day, among  numberless  worlds,which 
no  human  art  ever  can  discover. 

366.  Several  stars  are  mentioned  by  ancient  astro-  ciiimge* 
nomers,  which  are  not  now  to  be  found  ;  and  others  '"'"'^ ''*'' 
are  now  visible  to  the  bare  eye,  which  are  not  re- 
corded in  the  ancient  catalogue.  Hipparchm  ob- 
served a  new  star  about  J  20  years  before  Christ  ; 
but  he  has  not  mentioned  in  what  part  of  the  hea- 
vens it  was  seen,  although  it  occasioned  his  making 
a  catalogue  of  the  stars  ;  which  is  the  most  ancient 
ibat  we  have. 

The  first  new  star  that  wc  have  any  good  accoum  New  tuw 
of,  was  discovered  by  Cernelim  Gemma  on  the  8th 
of  November,  A.  D.  1572,  in  the  chair  of  Cauiq- 
pea.  It  surpassed  Sirius  in  brightness  and  niagnl- 
tadej  and  was  seen  for  W  months  successively.  At 
first  it  appeared  Wgger  than  Jupilt-r,  to  some  eycB, 
by  which  it  waa  seen  at  mid-day  ;  afterwards  it  de- 
cayed gradually  btuh  jn  magnitude  and  lustre,  until 
March  1.57s,  when  it  became  invisible.  , 

On  the  13th  of  /li/guit  151)6,  David  rabriciu4. 
observed  the  Stella  Mtra,  or  wonderful  star,  in  ihf 
Kecii  of  tbe  IVbaU  ; ,  which  hii$  been  iicce  found  to 
r  and  disappear  periodically  seven  times  in  six 


Of  new  Periodical  S'ars. 


15  days  I 

vered  a    I 
lich.  in    ^ 

I 


years,  continuing  in  the  greatest  iustrcfcM-  15 
together ;  and  is  never  quite  extinguished. 

In  the  year  1600,  William  Jamenius  discovered 
changeable  star  in  the  neck  of  the  Sv/aa  ;  which,  i 
time,  became  so  small  as  to  be  thought  to  disappear 
entirely,  till  the  years  1 6.57,  1 658,  and  1 659,  when 
it  recovered  its  former  lustre  and  niagniiude,  but 
soon  decayed  ;  and  is  now  of  the  smallest  size. 

In  the  year  1604,  Kepler  Rud  many  of  his  friends 
saw  a  new  star  near  the  heel  of  the  right  foot  of  Ser^ 
^tortus,  so  bright  and  sparkling,  that  it  exceeded 
any  thing  they  had  everseen  before ;  and  took  notice 
that  it  was  every  moment  changing  into  some  of  the 
coloursof  the  rainbow,  except  when  it  was  near  the 
horizon,  at  which  time  it  was  generally  while.  It 
surpassed  Jupiter  in  magnitude,  which  was  near  it 
all  the  month  of  Of/o*er,but  easily  distinguished  from 
Jupiterhy  the  steady  light  of  that  planet.  It  disap- 
peared between  October  1605,  and  the  February  fol- 
lowing, and  has  not  been  seen  since  that  time. 

In  the  year  1670,  July  15,  He-velius  discovered  a 
new  star,  which  in  October  was  so  decayed  as  to  be 
scarce  perceptible.  In  April  following  it  regained  its 
lustre,  but  wholly  disappeared  in  Avgtist.  In  March 
1672,  it  was  seen  again,  but  very  small ;  and  has  not 
since  been  visible. 

In  the  year  1 686,  a  new  star  was  discovered  by 
Kirch,  which  returns  periodically  in  404  days. 

In  the  year  1672,  Cassitii  saw  a  star  in  the  reek 
of  the  Bull,  which  he  thought  was  not  visible  in  Ty- 
cho'%  time ;  nor  when  Bayer  made  his  figur^. 
Cmnnot  be  367.  Many  stars,  beside  those  above-mentioned, 
comets,  [jgyg  jjggj^  observed  to  change  their  magnitudes ;  and 
as  none  of  them  could  ever  be  perceived  to  have  tails, 
it  is  plain  they  could  not  be  comets ;  especially  as 
they  had  no  parallax,  even  when  largest  and  bright- 
est.  It  would  seem  that  the  periodical  stars  have  vast 
clusters  of  dark  spots,  and  very  slow  rotations  on 
tbeir  axes ;  by  which  means,  they  must  disappear 
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Of  Channel  in  the  Heabens. 

when  (he  side  covered  with  spots  is  turned  lowards 
U3.  And  as  for  those  which  break  out  nil  of  a  sud- 
den  with  such  lustre,  it  is  by  no  means  improbable 
that  they  are  Suns  whose  fuel  is  almost  spent,  and 
again  supplied  by  some  of  their  comets  faJlin"  upon 
them,  and  occasioningan  uncommon  blaze  andsplen- 
dourfor  some  time:  which  indeed  appears  to  be  (he 
greatest  use  of  the  comctary  part  of  any  system*. 

Someof  the  stars,  particularly  >/rrt«rM/,havebeen  Sonii 
observed  to  change  their  places  above  a  minute  of  a  {\]l]\ 
degree  with  respect  to  others.  But  whether  this  be  "•' 
owing  loany  real  motion  inthestars  themselves,  must 
require  the  observations  of  many  ages  to  determine. 
If  our  solar  system  change  its  place  with  regard  to 
absolute  space,  this  must  in  process  of  time  occasion 
an  apparent  change  in  the  distances  of  the  stars  from 
each  other:  and  in  such  a  case,  the  places  of  the  near- 
est stars  to  us  being  more  affected  than  those  which 
are  very  remote,  their  relative  positions  must  seem 
to  alter,  though  the  stars  themselves  were  really  im- 
moveable. On  the  other  hand,  if  our  own  system 
be  at  rest,  and  any  of  the  stars  in  real  motion,  this 
must  varytheirpositions;  and  themoreso,  the  nearer 
they  arc  to  us,  or  the  swifter  their  motions  are;  or  the 

•  M.  AfmificriiitH,  ill  his  Di«sertation  on  the  figure*  of  the 
Celestial  Bodies  (p.  9 1 — 93),  is  of  opiiiion  that  aoine  sturs,  by 
their  prodigious  quick  nilations  on  their  axes,  may  not  only 
assumu  the  figures  of  oblate  splieioldsi  but  ttmi  by  Uic  grcul 
ccDtrifugal  force  arising  from  such  rotuiionsi  they  maybc- 
tomc  of  the  figures  of  mill-atoned;  or  be  rcductd  to  fiat  cir- 
cular plsnesi  so  dun  as  to  be  quite  invisible  when  their  edge* 
nre  turned  toward  us  ;  as  Saturn's  ring  is  in  sucli  pnsiiions. 
But  when  any  eccentric  planets  or  comets  fo  rouml  any  flat 
star,  in  ort>iis  much  inclin^d  to  its  eqiinlori  the  iittruction 
uf  the  pluiiets  or  comets  in  their  perihelion!)  must  alter  the 
iBclinalian  of  the  axis  of  that  smr  ;  on  which  account  it  will 
appear  more  or  less  large  and  luminous,  as  Ks  brnud  aiile  is 
more  or  less  turned  toward  us.  And  tlius  he  imagines  we 
mny  account  for  the  apparent  changes  of  magnitude  uaA  lu«- 
irc  ill  those  stars,  and  likewise  for  iheir  appearing  and  dis- 
a[^cHring. 


Of  Changes  i. 


the  Heavens. 


inofe  proper  the  direction  of  iheir  motion  is  for  our  J 
perception. 

t'^i'P-  308.  The  obliquity  of  the  ecliptic  to  the  equinoc«i  ] 
"uwtial  is  found  at  present  to  be  above  the  third  part  of »  . 
*  degree  less  than  Ptalcniy  found  it.  And  most  of  the 
fur-  observers  after  him  found  it  do  decrease  gradually 
I-  down  to  Tycho'sinwe.  If  it  be  objected,  that  we 
cannot  depend  on  the  observations  of  the  ancients, 
becauseof  the  incorrectness  of  their  instrumentsi  we 
have  to  answer,  that  both  TjcAoand  llamsieaii  are 
'  allowed  to  have  been  very  good  observers  ;  and  yet 
we  find  that  ^lamslcad  makes  this  obliquity  2;  mi- 
nutes of  a  degree  less  than  Tycho  did,  about  100 
years  before  him  :  and  as  Ptolemy  was  1 324  years  be- 
fore Tycho,  so  the  gradual  decrease  answers  nearly 
to  the  difference  of  time  between  these  three  astrono- 
mers. If  we  consider,  that  the  Earth  is  not  a  per- 
fect sphere,  but  an  oblate  spheroid,  having  its  axis 
shorterthan  its  equatorial  diameter;  and  ihatthe  Sun 
and  Moon  are  constantly  acting  obliquely  upon  the 
greater  quantity  of  matter  about  the  equator,  pulling 
it  as  it  were  toward  a  nearer  and  nearer  coincidence 
with  the  ecliptic  ;  it  will  not  appear  improbable  that 
these  actions  should  gradually  diminish  the  angle  be- 
tween those  planes.  Nor  is  it  less  probable  that  the 
mutual  attraction  of  all  the  planets  should  have  a  ten- 
dency to  bring  their  orbits  to  a  coincidence  ;  but  this 
change  is  too  small  to  become  sensible  in  many 
ages.*  ' 

*  M.  rfc  la  Grange  has  demonstrated,  iii  the  moat  satisfac^ 
lory  manner,  thai  no/irrntanfttt  change  can  takv  place  in  thi 
magnitudes,  figures,  or  inclinatioDS,  oftlie  planctury  orbitu 
and  thai  the  fieriodicol  changes  are  confined  within  \eTl 
narrow  limits:  the  ecliptic  thereforci  will  nimcr  coin  ' 
with  the  equator,  nor  change  its  inclination  above  3  degi 
In  short,  (he  solar  planetary  system  oscilktcs,  as 
round  a  medium  state,  from  which  it  never  swerves  * 
far.    See  note  subjoined  to  p.  U6. 
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CHAP.  XXL 


Of  the  Division  of  Time.  A  perpetual  Table  of  New 
Moons.  The  Times  of  the  Birth  and  Death  of 
Christ.    A  Table  of  remarkable  JEras  or  Events. 

^Q  ^  I  'HE  parts  of  time  are,  seconds^  minutes^ 
1     hours  J  days^  years^  cycles^  ages^  and  pe- 
riods. 

370.  The  original  standard,  or  integral  measure  a  year, 
gf  time,  is  a  year ;  which  is  determined  by  the  re- 
volution of  some  celestial  body  in  its  orbit,  viz.  the 

Sun  or  Moon. 

371.  The  time  measured  by  the  Sun's  revolution '^•'^p^^*^ 
in  the  ecliptic,  from  any  equinox  or  solstice  to  the  ^^*^* 
same  again,  is  called  the  solar  or  tropical  year^ 
\irhich  contains  365  days,  5  hours,  48  minutes,  57 
jseconds  \  and  is  the  only  proper  or  natural  year,  be- 
cause it  always  keeps  the  same  seasons  to  the  same 
months. 

372.  The  quantity  of  time  measured  by  the  Sun's  sidereal 
revolution  as  from  any  fixed  star  to  the  same  stary<^^^- 
again,  is  called  the  sidereal  year  ;  which  contains 

365  days,  6  hours,  9  minutes,  14j  seconds,  and  is 
SO  minutes  171  seconds  longer  than  the  true  solar 
year. 

'  373.  The  time  measured  by  twelve  revolutions  of  i-ui»r 
the  Moon  from  the  Sun  to  the  Sun  again,  is  called  ^^^' 
the  lunar  year  ;  it  contains  354  days,  8  hours,  48 
minutes,  36  seconds ;  and  is  therefore  10  days,  21 
hours,  O  minutes,  21  seconds  shorter  than  the  solar 
year.    This  is  the  foundation  of  the  epact. 
'    374.  The  civil  year  is  that  which  is  iti  common  civu 
use  among  the  different  nations  of  the  world ;  of  ^^^^' 
which,  some  reckon  by  the  lunar,  but  most  by  the 
solar.     The  civil  solar  year  contains  365  days,  for 
three  years  running,  which  are  called  common  years  ; 
md  then  com^s  in  what  is  called  the  bissextile  or 


is  is  algfr  ^ 
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leap-year,  which  contains  366  days.  This 
called  the  Julian  year,  on  account  ot  Julius  Ctssar, 
who  appointed  the  intercalary  day  every  fourth  year, 
thinking  thereby  to  make  the  civil  and  solar  year 
keep  pace  together.  And  this  day,  being  added  to 
the  23d  of  Fehniary,  which  in  the  Roman  calendar 
was  the  sixth  of  the  Calends  oi  March,  that  sixth  day 
was  twice  reckoned,  or  the  2;Jd  and  24th  were  reck- 
oned as  one  day  ;  and  was  called  Bis  sextus  dies,  and 
thence  came  the  name  bissextile  for  that  year.  But 
in  our  common  almanacks  this  day  is  added  at  the* 
end  oi  February. 
J^"''  375.  The  civil  lunar  year  is  also  common  or  in- 

tercalary. The  common  year  consists  of  12  luna- 
tions, which  contain  354  days;  at  the  end  of  which 
the  year  begins  agiun.  The  intercalary,  or  embo- 
limic  year,  is  that  wherein  a  month  was  added  to 
adjust  the  lunar  year  to  the  solar.  This  method  was 
used  by  the  Jews,  who  kept  their  account  by  the 
lunar  motions.  But  by  intercalating  no  more  than  a 
month  of  30  days,  which  they  called  Ve-Adar,  every 
third  year,  they  fell  S  i  days  short  of  the  solar  year  in 
that  time. 
Roman  376.  The  Romans  also  used  the  lunar  embsUmic 

je«-        yg^f.  2,1  first,  as  it  was  settled  by  Romulus  their  fir^t 
king,  who  made  it  to  consist  only  of  ten  months  or 
lunations ;  which  fell  6 1  days  short  of  the  solar  year, 
and  so  their  year  became  quite  vague  and  unfixed  ; 
for  which  reason  they  were  forced  to  have  a  table 
pablighed  by  the  high-priests,  to  inform  them  when 
tile  spring  and  other  seasons  began.  But  Julius  C«> 
sar,  as  already  mentioned,  §  374,  taking  this  Irou* 
blesomeaft'airintoconsideralion,  reformed  the  calen- 
dar, by  making  the  year  to  consist  of  365  days  6 
hours. 
The  oriifi.      377,  The  year  thus  settled,  is  what  was  used  _ 
ci^L/QB  Brilain  till  A.  D.  1752  :  but  as  it  is  somewhat  more 
or  new      than  H  minutes  longer  than  the  tolar  tropical  year, 
'**'        the  times  of  the  equino}:es  go  backward,  and  fall 
earlier  by  one  day  in  about  1 30  years.    la  the  time 
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ot  tiie  j\'ice/w  council  (A.  D.  325),  Avhich  was  143<> 
years  ago,  the  vernal  equinox  fell  on  tlie  2Ul  of 
March :  mid  if  we  divide  H44  by  130,  it  will  quote 
11,  which  is  the  number  of  days  the  equinox  has 
fallen  txick  since  ihc  council  of  Alee.  This  causing 
great  disturbances,  bj'  unfixing  the  times  of  the  cele- 
bration of  Easter,  and  cousequenlly  of  all  the  other 
moveable  feasts,  pope  Gregort/ the  Kill,  in  the  year 
1582.  ordered  ten  days  to  beat  once  stricken  out  of 
that  year;  and  the  next  day  after  the  Iburth  of  Oc/o- 
ier  was  called  tlic  tifteenlh.  Byihis  means,  the  ver- 
nal equinox  was  restored  to  the  21st  of  ^/arcA;  and 
it  was  endeavoured,  by  the  omission  of  three  inter- 
calary  days  in  400  years,  to  make  the  civil  or  politj. 
cal  year  keep  pace  with  the  solar  tor  the  time  to  come. 
This  new  form  of  the  year  is  called  the  Gregorian 
account ,  or  neiv  style ;  which  is  received  in  atlcoun* 
tries  where  the  pope's  authority  is  acknowledged,  and 
ought  to  be  in  all  places  ivhere  truth  is  regarded. 

378.  The  principal  division  of  the  )car  is  intOMuntlia. 
riiont/ix,  which  arc  of  two  sorts,  nams\y  ,*astroriomi- 
cat  and  c'tv'ti.  The  astronomical  month  is  Uie  time 
in  which  the  Moon  runs  throu[»h  the  zodiac,  and  is 
either  periodical  or  xijnodical.  The  periodical  month 
is  the  lime  spent  by  the  Moon  in  making  one  com. 
plele  revolution  from  any  point  of  the  zodiac  tothi- 
same  again;  which  is  27*  7'' 43"".  The  synodical 
month,  called  a  lunation,  is  the  time  contained  be- 
tween the  Moon's  parting  with  the  Sun  at  a  conjunc- 
tion, and  returning  to  him  again ;  which  is  2ff'  12'' 
44".  The  civil  months  are  those  which  are  framed 
for  the  uses  of  civil  life ;  and  are  dilTerent  as  to  llieir 
names,  number  of  days,  and  times  of  beginning,  in 
several  different  countries.  The  first  month  of  the 
Jnvish  yVor  fell,  according  to  the  Moon,  in  our  Au- 
gust and  September,  old  style ;  the  second  in  Sep- 
tember  and  October;  and  so  on.  The  first  montli 
of  the  Egyptian  year  began  on  Uie  29th  of  our  Au- 
gust. \  he  6rst  month  of  the  Arabic  and  Turkish 
3D 
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§ 
year  began  the  16th  oiJuly.     The  first  month  of 
the  Grecian  year  fell,  according  to  the  Moon,  ki 
June  and  July^  the  second  in  July  and  August y  and 
so  on,  as  in  the  following  table. 

379,  A  month  is  divided  into  four  parts  called 
weekSi  and  a  week  into  seren  parts  called  days ;  so 
that  in  a  Julian  year  there  are  13  such  months,  or  52 
weeks,  and  one  day  over.  The  Gentiles  gave  die 
names  of  the  Sun,  Mooo,  and  planets,  to  the  days 
of  the  week.  To  the  first,  the  name  of  the  Sun ; 
to  the  second,  of  the  Moon;  to  the  third,  of  Mars; 
to  the  fourth,  oi Mercury  ;  to  tiie  fifth,  oi  Jupiter; 
to  the  sixth,  of  Fenus ;  and  to  the  seventh,  of  Sa^ 
turn. 
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The  Jewish  year. 


Tisri 

Marchesvan    - 

Caslq{iu 

Tebeth 

Shebat 

Adar 

Nisan  or  Abib 

Jiar 

Sivan 

Tamuz 

Ab 

Elul 


Aug.- 
Sept- 
Oct.- 
Nov- 
Dcc- 
Jan.— 
Feb- 
Mar.- 
Apr.- 
May- 
June- 
July- 


-Sept 
-Oct. 

-Nov. 

—Dec. 

-Jan. 

Feb. 

-Mar. 

-Apr. 

-Mav 
-June 
-July 
-Aug. 


Days  in  the  year 


Days^ 


30 

29 

30 

29 

30 

29 

30 

29 

30   ^ 

29   \ 

30 

29 
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S  In  the  embolimic  year  after  Adar  they  added  a  s 
^  month  called  Fe-Adar^  of  30  days.  ^ 
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The  Egyptian  year. 


Thoth 

Paophi 

Athir 

Chojac 

Tybi 

Mechir 

Phamenoth- 

ParmUthi  - 

Pachon 

Payni 

Epiphi 

iVlesori 


August  *  29 

September  28 

October  28 

November  27 

December  27 

January  26 

February  25 

March  27 

April  26 

May  26 

June  25 

July  25 


Epagomena  or  days  added 


Days  in  the  year. 
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30 

30 

30 

30 

30    i 

30    ^ 

30 

30 

30 

30 

30 

30 
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The  Arabic  and  Turkish  year. 


5 
6 
7 
8 
9 

10 
11 
12 


\ 

s      The  Arabians  add  1 1  days  at  the  end  of  every 
S  year,  which  keep  the  same  months  to  the  same  \ 
\  seasons.  \ 


1  Muharram 

2  Saphar 

3  Rabia  I. 
4|Rabia  11. 

Jornada  I. 

Jornada  II. 

Rajab 

Shasban 

Uamadam 

Shawal 

Dulhaadah- 

Dulheggia- 


July 

August 

September 

October 

November 

December 

January 

February 

March 

April 

May 

June 


Days  in  the  year 
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The  ancient  Grecian  ye. 


Days> 


hecjtombaion  - 
Metiigitnion 
Boedroniion 
Pyitncpsion 
Maimactcrion   - 
Posideon 
Ganielion 
AiUhesterion     - 
Elaphebolion    - 
Municlicon       - 
Thargelion .     — 
St:!iirrophorion 


■  —  J  line- 

-  —  Jiily- 

-  —  Aug. 

■  —  Sept. 

—  Oci- 

—  Kov. 

—  Dec. 

■  —  Jan 

—  Feb. 

—  Mar. 

—  Apr. 

—  May. 


-July 

Aug. 

-Sept. 

-Oct. 

■Nov, 

-Dec. 

-Jan. 
—Feb. 
, — Mar. 
— Apr. 
—May 

June 


Da}  s  in  the  year 


29  J 

30  5 

29  \ 

30  I 

29  i 

30  \ 
-29  i 
30  i 
29  5 
50  I 
29    S 
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380.  A  dat/  is  cither  natural  or  artificial.  The 
natural  day  contains  24  hours;  the  onificia],  the 
time  from  Sun-rise  to  Sun-sct.  The  natural  day  is 
either  asirmomical  or  crvit.  Ttic  astronomical  day 
beguis  at  noon,  because  the  increase  and  decrease 
of  days  terminated  by  the  horizon  are  very  unequal 
among  themselves;  ^vhich  inequality  is  likewise 
augmented  by  the  inconstancy  of  the  horizontal  re- 
Ihicdons,  5  183  ;  and  ihcrelore  the  astronomer  takes 
the  meridian  for  the  Umii  of  diurnal  revolutions ; 
reckoning  noon,  that  is,  the  instant  when  tlic  Sun's 
centre  is  on  the  miridian,  for  die  beginning  of  the 
day.  The  Britmh,  Firru-h,  Dutch,  Germans,  Span- 
iards, Portuguese,  and  Egi/ptiuns,  htgin  the  civil 
day  at  midnight :  the  ancient  Greeks,  Jeivs,  Bohe- 
mians,  Silcsiam,  with  the  modern  Italians  and  Chi' 
nese,  be^  it  at  Sun-setting :  and  the  ancient  Baby- 
lonians, Persians,  ^^ianj,  with  the  modem  Greekt\ 
at  Sun-rising. 

381.  An  hour  is  a  certain  determinate  pari  of 
day,  and  is  either  equal  or  imequal.  An  equal  hou^ 
is  the  24th  part  of  a  mean  natural  day,  as  shewn  bj? 
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well- regulated  clocks  or  watches ;  but  these  hours 
are  not  quite  equal  as  measured  by  the  returns  of 
the  Sun  to  the  meridian,  because  of  the  obliquity  of 
the  ecliptic,  and  Sun's  unequal  motion  in  it,  i  224 
— S^45.  Unequal  hours  are  those  by  which  the  arti- 
ficial day  is  divided  into  twelve  parts,  and  the  night 
into  as  many. 

382.  An  hour  is  divided  into  60  equal  parts  called  Minutes, 
minutes  J  a  minute  into  60  equal  parts  called  secondsy  ^?^''?^rh 
and  these  again  into  60^  equal  parts  called  thirds.  scmpXtu 
The  JewSy  Cha/deam,  and  Arabians^  divide  the  hour 

into  1080  equal  parts  called  scruples:  which  num- 
ber contains  18  times  60,  so  that  one  minute  con- 
tains 18  scruples. 

383.  A  cycle  is  a  perpetual  round,  or  circulation  cycles  of 
of  the  same  parts  of  time  of  any  sort.   The  cycle  of^^  ^^\^ 
the  Sun  is  a  revolution  of  28  years,  in  which  time  hldkUon.  • 
the  days  of  the  month  return  again  to  the  same  days 

of  the  week ;  the  Sun's  piace  to  the  same  signs  and 
degrees  of  the  ecliptic  on  the  same  months  and  days, 
so  as  not  to  differ  one  degree  in  100  years ;  and  the 
leap-years  begin  the  same  course  over  again'  with 
respect  to  the  days  of  the  week  on  which  the  days 
of  the  months  fall.  The  cycle  of  the  Moon^  com- 
monly  called  the  golden  number^  is  a  revolution  of 
19  years;  in  which  time,  the  conjunctions, loppo- 
fiitions,  and  other  aspects  of  the  Moon,  are  w*ithin 
an  hour  and  half  of  being  the  same  as  they  were  on 
the  same  days  of  the  months  19  years  before.  The 
Indict  ion  is  a  revolution  of  15  years,  used  only  by 
the  Romans  for  indicating  the  times  of  certain  pay- 
ments made  by  the  subjects  to  the  republic :  it  was 
established  by  Constantine,  A.  D.  312. 

384.  The  year  of  our  Saviour'^  birth,  according  to  find 
to  the  vulgar  aera,  was  the  9th  year  of  the  solar  cycle ;  the  years 
the  first  year  of  the  lunar  cycle ;  and  the  312th  year  cycie*i? 
after  his  birth  was  the  first  year  of  the  Soman  indic- 

tion.  Therefore  to  find  the  year  of  the  solar  cycle, 
add  9  to  any  given  year  of  Christ,  and  divide  the 
sum  by  28,  uie  quotient  is  the  number  of  cycles 
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elapsed  since  his  birth,  and  the  remainder  is  thfe  cycle 
for  the  given  year:  if  nothing  remain,  the  cycle  is  28. 
To  find  the  lunar  cycle,  add  1  to  the  given  year  of 
Christ,  and  divide  the  sum  by  19  ;  the  quotient  is 
the  number  of  cycles  elapsed  in  the  interval,  and  the 
remainder  is  the  cycle  for  the  given  year :  if  notlung 
remain,  the  cycle  is  19.  Lastly,  subtract  312  from 
the  given  year  of  Chr  ist,  and  divide  the  remainder 
by  15  ;  and  what  remains  after  this  division  is  the 
indiction  for  the  given  year:  if  nothing  remiaini  the 
indiction  is  15. 
The  (lefi-  385.  Although  the  above  deficiency  in  the  lunar 
ciencyof  QyQ\^.  ^f  ^m  hour  and  half  every  19  years  be  but 

the  iiina,r      •  ,  ■'       ,   •' 

cycle,  and  small,  yet  in  time  it  becomes  so  sensible  as  to  makie 
conse-      ^  whole  natural  day  in  310  years.  So  that,  althoufi:]i 
ihereof.    this  cyclc  be  of  use,  when  the  golden  numbers  are 
rightly  placed  against  the  days  of  the  months  in  the 
calendar,  as  in  our  Common  Prayer  Booksy  for  find- 
ing the  days  of  the  mean  conjunctions  or  oppositions 
of  the  Sun  and  Moon,  and  consequently  the  time  of 
Easter;  it  will  only  serve  for  310  years,  old  style. 
For  as  the  new  and  full  Moons  anticipate  a  day  in 
that  time,  the  golden  numbers  ought  to  be  placed 
one  day  earlier  in  the  calendar  for  the  next  310 
A'cars  to  come.  These  numbers  were  rightly  placed 
againLi  the  days  of  nqw  Moon  in  the   calendar, 
by  the  couPiCil  of  .V/Ve,  A.  D.  325  ;  but  the  antici- 
pation, whicli  has  been  neglected  ever  since,  is  now 
grown  almost  into  5  days;  and  therefore  all  the  golden 
numbers  ought  now  to  be  placed  5  days  higher  in 
the  calendar  for  the  old  style  than  they  were  at  the 
time  of  the  said  council ;  or  six  davs  lower  for  the 
nexv  style ^  because  at  present  it  differs  11  days  firom 
the  old. 
How  to        386.  In  the  annexed  table,  the  golden  numbers 
da^  oMiie  ^"^^'"  ^^  months  stand  against  the  days  of  new 
new  Moon  Moou  in  the  left-hand  column,  for  the  new  style; 
^^'}Y^      adapted  chiefly  to  the  second  year  after  leap-year,  as 
number,    being  the  nearest  mean  for  all  the  four ;  and  will  serve 
till  the  year  1900.  Therefore,  to  find  the  day  of  new 
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Moon  ill  any  month  of  a  given  year  till  that  time, 
look  for  the  golden  number  of  that  year  liiitlt-r  the 
(Jcsircd  monili,  and  at^iinst  it,  you  iia\e  the  day  of 
new  Moon,  in  the  left-hand  column.  Thus,  suppose 
it  were  required  to  find  the  day  of  new  Moon  in 
September  1757 ;  the  golden  number  for  thai  year 
is  10,  which  I  look  for  under  September,  and  right 
against  it  in  the  left-hand  column  I  iind  13,  whicb 
iy  tlie  day  of  new  Moon  in  tliat  month.  N.  B.  If] 
all  the  golden  numbers,  except  17  and  6,  were  set 
one  day  lower  in  the  table,  it  would  serve  from  the 
btginnlns  of  the  year  19U0  til!  the  end  of  the  ytar 
2199.  The  first  table  after  this  chapter  ihews  the 
jrolden  number  for  4000  years  al'ier  the  birth  of 
Chkist  ;  by  looking  for  the  even  hundreds  of  any 
given  year  at  the  left  hand,  and  for  die  rest  to  make 
up  that  year  at  die  head  of  die  table ;  and  where  the 
columns  meet,  you  have  the  golden  number  (which 
is  the  same  both  in  old  and  iieiv  style)  for  the  given 
year.  Thus,  suppose  the  golden  number  was  want. 
ed  for  the  year  1757:  I  look  for  1700  at  tlic  left 
hand  of  the  table,  and  for  57  at  the  lop  of  it ;  theff 
guiding  my  eye  downward  from  57  to  over  iigainst  J 
1700,  1  find  10,  which  is  the  golden  number  ft* 
that  year. 

A  perpe.       387.  But  bccausc  the  lunar  cycle  of  1 9  years  some^i 
o'nhe''''^  times  includes  five  leap-ye;irs,and  at  other  times  only* 
time  of     four,  this  table  will  sometimes  vary  a  day  from  thtf  1 
iiew  Moon  truth  ui  leap-years  after  February.  And  it  is  impos. 
nfircat     siblc  to  Iiave  one  more  correct,  unless  we  extend  itl 
'"""■  fj"    to  four  timcK  19  or  76  years ;  in  ivhicli  tliere  are  19 1 
^.^!°        leap-years  without  a  remainder.     But  even  then  tov 
have  it  of  perpetual  use,  it  must  Ijc  adapted  to  ihftl 
old  style;  because  in  every  centurial  year  not  diri-^ 
sible  by  4,  tlie  regular  course  of  leap-years  is  inter-j 
rupied  in  the  new,-  as  will  be  the  case  in  the  yes 
1800.  Therefore,  upon  the  regular  old  style  plan,  I 
have  computed  the  Ibllowing  table  of  the  mean  thna 
of  all  the  new  Moons  to  the  nearest  hour  for  76  ycarsj  j 
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beginning  with  the  year  of  Christ  1724,  and  end- 
ing with  the  year  1 800. 

Tliis  table  may  be  made  perpetual,  by  deducting 
6  hours  from  the  time  of  neiv  Moon  in  any  given 
year  and  month  from  1 724  to  1 800,  in  order  to  have 
the  mean  lime  of  new  Moon  in  any  year  and  month 
76  years  afterward ;  or  deducting  12  hours  tof  1 52 
years,  18  hours  for  228  years,  and  24  hours  for 
304  years  :  because  In  that  time  the  cltanges  of  the 
Moon  anticipate  almost  a  complete  natural  day.  And 
if  the  like  number  of  hours  be  added  for  so  many 
years  past,  we  shall  have  the  mean  time  of  any  new 
Moon  already  elapsed.  Suppose,  for  example,  tlie 
mean  time  of  change  was  ret[uired  for  January, 
1802;  deduct  76  years,  and  iJicre  remains  1726, 
against  \»hlch,  in  the  following  table,  under  Januajy, 
1  find  the  time  of  new  Moon  was  on  the  21st  day, 
at  1 1  in  the  evening ;  from  which  take  6  hours,  aiid 
there  remains  the  2Ist  day,  at  5  in  the  evening,  for 
the  mean  time  of  change  in  January  1802.  Or,  if 
the  time  be  required  for  itfiiy,  A.  D.  1701,  add  76 
years,  and  it  makes  1777,  ivhich  I  look  for  in  the 
tabic,  and  against  it,  under  May,  I  find  the  new- 
Moon  in  that  year  falls  on  the  25th  day,  at  9  in  the 
evening ;  to  ivhich  add  6  hours,  and  it  gives  tlie  26lh 
day, .at  3  in  the  morning,  for  the  time  of  new  Moon 
in  Mu>j,  A.  D,  1701.  By  this  addition  for  time 
past,  or  subtraction  for  time  to  come,  the  table  wid 
not  vary  24  hours  from  the  truth  in  less  than  14592 
years.  And  if,  instead  of  6  hours  for  every  76 
years,  we  add  or  subtract  only  5  hours  52  minutes, 
it  will  not  vary  a  day  in  10  millions  of  years. 

Although  this  table  is  calculated  ibr  76  years  only, 
and  according  to  the  old  style,  yet  by  means  of  two 
easy  equations  it  may  be  made  to  answer  as  exactly 
to  the  nnv  style,  lor  any  time  to  come.  Thus,  be- 
cause the  year  1724  in  this  tabic  is  the  first  year  of 
the  cycle  for  which  ii  is  made ;  if  from  anv  year  ol" 
3E 
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Chbist  after  1800  you  subtract  1723,  and  divii 
the  overplus  by  76,  the  quotient  will  shew 
many  entire  cycles  of  76  years  are  elapsed  since  tl 
beginning  of  the  cycles  here  provided  for ;  and  tl 
remainder  will  shew  the  year  of  the  current  cyi 
answering  to  the  given  year  of  Ch  r  i  st.  Hence, 
the  remainder  be  0,  you  must  instead  thereof 
76,  and  lessen  the  quotient  by  unity. 

Then,  look  in  the  left-hand  column  of  the  table 
for  the  number  in  your  remainder,  and  against  it 
you  will  find  die  times  of  all  the  mean  new  Moons '» 
that  year  of  the  present  cycle.  And  whereas  in  71 
Julian  years  the  Moon  anticipates  5  hours  S2  mh 
nutes,  if  therefore  these  5  hours  52  minutes  be 
multiplied  by  die  above-found  quotient,  that  is,  by 
the  number  of  entire  cycles  past ;  the  product  sub- 
tracted from  the  times  in  the  table  will  leave  the  cor- 
rected times  of  the  ne^v  Moons  to  the  old  sttjle^ 
which  may  be  reduced  to  the  new  style  thus : 

Divide  the  number  of  entire  hundreds  in  the  gi 
year  of  Christ  by  4,  multiply  this  quotient  by 
to  the  product  add  the  remainder,  and  from  th 
sum  subtract  2 :  this  last  remainder  denotes  the 
number  of  days  to  be  added  to  the  times  abo^e cor- 
rected,  in  order  to  reduce  them  to  the  rurw  ityle. 
The  reason  of  this  is,  that  every  400  years  of  the 
new  style  gains  3  days  upon  the  ulH  style:  one  of; 
which  it  gains  in  each  of  the  centurial  years  suci 
ing  that  which  is  exactly  divisible  bj-  4  n  ithout  a  re."* 
mainder ;  but  then,  when  you  have  found  the  days 
so  gained,  2  must  be  subtracted  from  iheir  number 
on  account  of  the  rectifications  made  in  the  culen- 
dar  by  the  council  of  J\'ice,  and  since  by  pope  Gre- 
gory.  It  must  also  be  observed,  that  the  additional 
days  found  as  above-directed,  do  not  take  jJace  in 
the  centurial  years  which  are  not  multiples  of  4  tUl 
February  2tllh  old  style,  for  on  that  day  liegins  the 
difference  between  the  styles;  till  which  d.iy,  tlicre^ 
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Iblte,  those  that  were  added  in  the  preceding  years 
must  be  used.  The  following  example  will  make 
tins  accommodation  pliEun. 

Mequired  the  mean  time  of  new  Moon  in  June,  A*  D«  ^ 

1909  a:  J. 

From    1909  take   1723 

years,   and  there   re- 
mains    186 

Which  divided  by  76, 

gives   the  quotient  2 

and  the  remainder  •  •  •  34 
Then  a^inst  34  in  the 

table  IS  June  ......  5*  8""  0*  afternoon^ 

And  5^  52"'  multiplied  by 

2  make  to  be  subtr.  •        n  44 
Remains  the  mean  time 

according    to  the  old 

stylCy  June 5*  8^  16"* 

Entire  hundreds  in  1909 

are  19,  whicti  divide 

by  4,  quotes  .  .  .\  .  .  4 
And  leaves  a  remainder  of  3 
Which  quotient  multipli- 
ed by  3  makes  12,  and 

the  remainder    added 

makes 15 

From  which  subtract  2, 

and  there  rem^s  •  •  •  13 
Which  number  of  days 

addedtotheabovetiime, 

old  style,  gives /«»<?. .  18*  8*  16'*  morn*  A.  S. 

So  the  mean  time  of  new  Moon  in  June  1909, 
new  styley  is  the  18th  day,  at  16  minutes  past  8  in 
Aie  morning. 
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If  11  da^s  be  added  to  the  time  of  any 
Moon  in  this  table,  it  wH  ^ve  the  time  of  that  new 
Moon  according  to  the  new  style  till  the  year  1800. 
And  if  14  days  18  hours  22  minutes  be  added  to 
the  mean  time  of  new  Moon  in  either  style^  it  wiU 
give  the  mean  time  of  the  next  full  Moon  according 
to  that  style. 
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A.D 

January 

February 

M 

5 

If 

urvA 

D. 

H. 

D. 

H. 

D. 

H 

D. 

„.; 

ii 

1724 

14 

SA 

13 

5M 

13 

6A 

IS 

7M? 

1725 

3 

2M 

1 

2A 

3 

31M 

1 

4Aj 
lAJ 

1726 

2! 

IIA 

SO 

llM 

Zl 

ISA 

20 

; 

irar 

11 

SM 

9 

9A 

11 

9M 

9 

ioaI; 

8AS 
4Ms 

.a; 

1728 
1729 

30 
18 

6M 
2A 

28 

7A 

3M 

19 
18 

7M 
4A 

27 
17 

\r 

1730 

7 

llA 

6 

OA 

8 

IM 

6 

i    9 

1 731 
1732 

26 
16 

9A 
SM 

25 
14 

lOM 
6A 

15 

loA 
-M 

15 

S3 

llMj 
sA} 

\k 

1733 

4 

2A 

3 

3M 

4 

4A 

3 

4Ms 

S  IS 

1734 
1735 

1736 

1737 

23 

12 

31 

30 

OA 
9A 
5M 
6A 

3M 

82 
11 

18 

IM 
9M 

4A 

23 
IS 
1 
30 
20 

lA 
loA 
7M 
eA 

4M 

22 
11 
29 
IS 

2MJ 
llMs 

9M  J 
3A^ 

im;. 

\^s 

1738 

0 

IIM 

7 

J2A 

9 

lA 

8 

5  17 

Me 

{19 
S20 

<21 

5« 

1739 
1740 

S8 
17 

9M 
6A 

26 
16 

lOA 
7M 

28 
16 

IM 
8A 

S6 
If 

12  A} 
9M? 

1741 

6 

3M 

4 

4A 

6 

iM 

4 

ja5 

1742 
1743 

1744 

1745 

24 
14 

3 

21 

I2A 

9M 

6A 
4A 

23 
IS 
2 

SO 

lA 
lOA 
7M 
5M 

25 
14 

2 

21 

2M 
IIM 

SA 

5A 

23 
13 

i 

3a5 

ISAC 
9J.IJ 
9AJ 
ffM5 

1746 

10 

12A 

9 

lA 

11 

SM 

9 

;ia5 
•oa; 

9A? 

1747 
1748 

■19 
19 

IDA 

6M 

28 
If 

IlM 
rA 

29 
18 

llA 

eM 

28 
16 

1749 

7 

3A 

6 

4M 

r     JA 

G 

6M  j 
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o 

s  ^ 
s  ^ 


2 
3 


5 
6 


S 
S 
S 
S 

s 

r 

\" 

Xn 

S20 

S22 

S23 

^24 
1^25 

S26 
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AD. 


May 


D. 


1724  n 

1725  ^ 
1726 
1727 


1728 
1729 

1730 

1731 
1732 

1733 

• 

1734 
1735 

1736 

1737 

1738 

1739 
1740 

1/41 

1742 
1743 

1744 

1745 

1746 

1747 
1748 

1749 


30 
20 


27 
16 


24 
13 


21 
10 

28 

18 

7 

26 
14 

4 

23 
12 

30 

19 

9 

27 
16 


H. 


8A 
4M 
5A 
IM 


9     llM 


8M 

5A 

2M 

llA 
8M 

5A 

2A 
llA 

9A 

5M 

2A 

OA 
9A 

5M 

3M 
OA 

lOM 

6A 

3M 

12A 
9M 

6  A 


June 


D.         H. 


10 

@9 

18 

7 

25 

15 


23 
11 

1 
30 
20 

9 


25 
13 


21 
11 

28 

18 

7 

26 
14 


8M 


2A 
12A 


July 


D. 


18 
7 


9  A  25 
6M14 

3A 


OA 
9A 
6M 

7A 
3M 
OA 


27    lOM 
16       6A 


3A 

IM 
lOM 

6A 

4A 
IM 

llA 

7M 

4A 

lA 

lOA 

7M 


23 
11 

30 

19 
9 

26 

16 

5 


28 

17 

7 


H. 


9A 


'^ugtui 


D. 


8 


6M28       7  A  27 


3M 

OA 


16 
6 


. 


toMm 
rAlia 

3M 

iMlsi 

lOM   9 

8M 

4A 
IM 

llA 

rM 

4A 


24 

2A 

12 

llA 

2 

rM 

SI 

7A 

21 

5M 

10 

2A 

OA 

8A 
5M 


18 
7 

^5 

14 

4 

23 
11 


19 
9 

16 
5 


H. 


lOM 

8M 

4A 
IM 

UA 

rM 

4A 

2A 
11 A 

28       8A 


5M 

8A 

OA 
8A 
5M 
3M 

OA 


30      8M 


6A 
3M 

ISA 

8M 

6A 


26 

2M 

24 

3A 

14 

llM 

12 

12  A 

2 

9M 

3 

8A 

31 

9A 
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an  JVeiii  Moont  continued. 

• 

A.D. 

■""■'' 

Feb. 

Marth 

^/irii 

5  ^■ 

D. 

H 

D. 

H. 

D. 

H 

D. 

H. 

5  29 

1750 
175  1 

36 
t5 

I  A 

10  A 

25 

2M 
MM 

3fl 
IS 

3A 
11  A 

3s 
14 

4M 

0  A 

1752 

5 

6M 

3 

7A 

4 

8M 

3 

4M 

12  A 
9M 

ta; 

30 

^  32 

1753 
1754 

irss 

1756 

23 
13 

1 
31 
20 

4M 

1  A 
10  A 
MM 

7A 

21 
11 

5A 
2M 

23 
13 

31 

19 

6M 
3A 
11  A 
OA 
9A 

21 

29 
18 

19 

8M 

1757 

9 

4M 

7 

5  A 

9 

6M 

7 

S36 

1756 
1759 

39 
17 

2M 
10  M 

26 
15 

3A 
11  A 

is 

17 

3M 
OA 

36 
15 

IM 

S39 

ireu 

6 

7A 

5 

SM 

s 

9A 

4 

lOM 

17bl 
175-i 

3* 
14 

5A 
2M 

23 
13 

6M 
3A 

34 
U 

rA 

3M 

33 
12 

8H 
4A 

.0 

1763 

3 

IIM 

i 

13  A 

3 

OA 

2 

IM 

<*' 

1764 

23 

8M 

20 

9  A 

31 

lOM 

19 

MA 

S  *"^ 

1765 

10 

5  A 

9 

6M 

10 

6  A 

9 

7M 
SM 

2A 

J  43 
^45 

1766 
1767 

■i9 

le 

2  A 

U  A 

28 
!7 

3A 

12  A 

29 
19 

4A 

IM 

38 

17 

1768 

s 

8M 

6 

9  A 

7 

loM 

5 

MA 

^  46 
^48 

1769 
1770 

26 
15 

6M 

2A 

24 
14 

rA 
3M 

36 
15 

7M 
4A 

24 
14 

SA 
SM| 

1771 

4 

UM 

3 

OA 

5 

IM 

3 

2a' 

S  49 
^  SO 

5.« 

1772 
1773 
1774 
1775 

33 

n 
1 

31 
■20 

9  A 

5M 

2  A 

3M 
oA 

22 
10 

loM 

6A 

23 
12 
I 
31 
20 

10  A 
7M 
4  A 
sM 

3  A 

31 
10 

29 

19 

IIM 
8A 
SA 
3M 

19 

IM 

u 

1776 

9 

9A 

8 

lOM 

a 

10  A 

7 

ri™i 

1 
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Ariu 

Wbo 

u  continued. 

May 

June 

Julv 

Auguat 

AD. 

D. 

H 

D. 

H. 

D. 

H. 



D. 

H. 

I7S0 
1751 

13 

4A 
13  A 

23 

12 

1  A 

33 

12 

6A 

2M 

21 

10 

3A 

1753 

2 
31 

9M 

10  A 

30 

MM 

29 

12  A 

38 

OA 

17S3 
175* 

31 

10 

7M 
4A 

19 
9 

8M 

5.M 

19 
8 

9M 

6  A 

17 

10  A 
7M 

1755 

29 

1  A 

2S 

2M 

27 

3A 

35 

3M 

1756 

17 

loA 

16 

IIM 

15 

12  A 

14 

lA 
10  A 
TA 
3M 

1757 

7 

7M 

5 

8  A 

5 

9M 

3 

1758 
1759 

36 
15 

4M 
1  A 

34 
14 

5A 
2M 

34 
13 

6M 
3  A 

22 
12 

1760 

3 

lOA 

3 

IIM 

1 
3) 

12  A 
1  A 

30 

IM 

1761 
1763 

33 

13 

9A 
4M 

31 

10 

lOM 
5  A 

20 
10 

10  A 
6M 

19 
8 

IIM 
7A 

1763 

31 

1  A 

3M 

29 

3  A 

39 

4M 

27 

4A 

1764 

19 

UM 

17 

12  A 

17 

I  A 

16 

2M 

1765 

8 

7  A 

7 

8M 

6 

9A 

5 

lOM 

1755 
1767 

27 
17 

5  A 
2M 

26 
15 

6M 

3  A 

25 
15 

7A 
4M 

34 

13 

8M 
5  A 

1768 

5 

IIM 

3 

13  A 

3 

1  A 

3 
31 

2M 
2  A 

1769 
1770 

34 
13 

8M 
5  A 

33 

12 

9  A 

4M 

32 
11 

lOM 
7A 

30 
10 

11  A 
8M 
5M 

1771 

3 

3M 

I 

3A 

1 
30 

4M 
5  A 

i9 

1772 
17T3 

30 
10 

l.A 
SM 

19 

S 

OA 
9  A 

19 
S 

IM 
9M 

17 
6 

2A 
lOA 

1774 

39 

6M 

37 

7  A 

37 

8M 

25 

8  A 

17T5 

18 

3A 

17 

4M 

16 

5A 

15 

6M 

1776 

6 

12  A 

5 

0  A 

5 

IM 

3 

2  A 

1 

«* 
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•  The  year  1800  begins  a  new  cycle. 
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Easier  388.  Thccyf'/f  o/'£'cj/pr,  also  caHcd  the/)wrty5imi 

twut  ''^'"'/"'"'"^t  is  ^  rKVolution  of  532  years,  found  by  mill- 
tiplying  tht:  aularcycle28  by  the  lunar  cycle  19.     If 
the  new  Moons  did  not  anticipiite  upon  Ihis  cycle, 
Easter-daij  ivould  always  he  ihe  Simday  next  alter  i 
the  first  full  Moon  which  follows  the  21sl  of  AfcrM.  f 
But  ou  account  ol  lIk-  uhovc  anticipation,  \  4-^2.  i 
to  which  no,  iM-oper  regard  ^v;is  had  below  ihc  lah:  , 
alteration  of  the  style,  tlie  eccleaiaslic  Easter  has  sc- 
veral  times  been  a  week  dirtl-rent  froin  the  true  £ait- 
cr  within  tliis  last  century  ;  which  Inconvenience  i» 
now  remedied  by  making  the  table  ivhich  used  (o 
find  Bdsterfor  ever,  in  the  Common  Prayer  fiook, 
of  no  lo!!gcr  use  than  the  lunar  difference  from  iIk 
new  stijle  will  admit  of. 
Number        3H9.  T\\t  earliest  Eauter  possible  is  (he  22d  of  I 
ofdirec-   jtfa^M,  the  ilb/es^  tlie  25th  of  ^^/iriY.     WitMn  these 
'"^         limits  are  35  d^iys,  ifnd  the  numbg-  belonging  K>  | 
each  of  them  is  CdUed  the  itumber  ofdirccticm:  be- 
cause thereby  the  time  of  Easter  is  found  for  any  ' 
given  year.     To  find  die  number  ol  direction,  ac-  J 
cording  lo  the  new  sti/le,  enter  Talile  V.  following'! 
this  chapter,  ivith  the  complete  hundreds  of  any  1 
given  year  at  the  top,  and  the  yeare  thereof  (if  any)  ! 
below  a  hundred  at  the  left  handr  and  where  the  co- 
lunins  meet  is  the  Dominical  letter  for  the  given  I 
jear.     Then  enter  TalJc  I.  with  tin:  complete  hmv  J 
dreds  of  the  s;iine  year  at  the  k-fl  hand,  and  the  1 
years  below  a  hundred  at  the  top ;  and  where  die  j 
columns  nR-et  is  the  fTDiJen  mimbcr  for  the  same  ' 
year.     L;isdy,  enter  Table  U.  with  the  Dominical 
letter  at  the  left  liand,  and  golden  nuuilxranhettjpjj 
and  where  the  columns  meet  is  the  number  of  ttirec-1 
tion  for  dim  year;  which  number  added  to  the  2Ist] 
day  oi March,  sheivs  on  whiit  day,  either  of  Marei, 
or  .ipril,  Easter- Sunday  falls  in  that  yeiir.     Thyf 
the  Dominical  letter  netv  style  fur  the  year  1757  bJ 
(Table  V.J  and  the  jjoiden  number  is  10,  (Table  1.1 
by  which  in  Table  II.  tlie  number  of  direction  i 
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found  to  be  20;  which  reckoning  from  ihe  2UI  i-rTo  find. } 
March,  ends  on  ihe  lOlh  of\^/ir;/.  that  is,  Easter ■'^'J^''^' 
Sumlat/,  'u\  the  }tar  1757.  JWJt.  There  are  always 
two  Dominical  letters  to  the  Itrap-year,  the  first  «f 
which  t^kes  place  to  the  24lh  ^i'  J'et>ruaiy,  Uie  last 
&it  tlic  following  part  of  the  year. 

390.  The  Jirst  seven  letters  cf  the  aJphalet  arc 
commonly  placed  in  tlie  annual  almanacs,  to  ishew 
on  wluit  days  of  the  ^vcck  the  days  of  the  monihs 
JiiU  tliroiighoul  the  year.  And  Ixcause  one  of  these 
3C\'cn  letters  must  necessarily  stand  U)^iist  Sunday, 
it  is  printed  in  a  capital  form,  and  ca!le<l  the  Domi-  Doml»a»l 
tticul  letter:  the  otlier  six  being  inserted  in  small '^"'''" 
cliaractcrs,  to  denote  the  other  six  days  of  the  week. 
Now,  since  a  common  Julian  year  contains  365 
daySi  if  this  numlier  be  divided  by  7  (ihe  niiniber 
of  diij'8  in  a  week)  there  will  remain  one  day.  If 
there  had  been  no  remainder,  it  is  plain  iIk-  ycai" 
woukl  constantly  Ijegiii  on  the  same  day  oftlie  week. 
But  siiKC  1  remains,  it  is  as  plain  that  die  year  must 
begin  and  cikI  on  the  same  day  of  the  week ;  and 
therclore  tlw  next  year  will  ixgin  on  the  day  follow- 
ing. Hence,  vtlicn  January  begins  on  Sunday,  -/ 
is  the  Dumiuiciil  or  Sunday  letlei^  for  that  year : 
ijien,  because  the  next  year  begins  on  Mondiiy,  tin* 
Sunday  w  ill  fell  on  the  seventli  day,  to  which  is  an- 
nexed llie  seventh  letter  C,  which  therefore  will  be 
the  Dominical  k-ttcr  for  all  that  year:  and  as  ihC' 
.  thinl  year  wili  l>egin  on  Tuesday,  the  Sunday  will 
i'aW  on  tlic  sixth  (by  j  therefore  /''will  be  the  Sunday 
letter  lor  that  jcar.  Whence  it  is  evident,  that  tlK 
Sunday  letters  « ill  go  annually  in  a  retrograde  order 
thus,  6',  /',  E,  D,  C,  Ji,  J.  And  in  die  cours*^ 
of  se^en  years,  if  they  were  alt  common  ones,  thi; 
same  days  of  the  week  and  Dominical  letters  iv ould 
return  to  the  same  days  of  the  months.  But  because 
there  arc  366  days  in  a  leap-year,  if  this  number  be 
divided  bj'  7,  tlierc  will  remain  two  days  o\er  and 
above  die  52  weeks  of  tihich  the  year  consists. 
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And  therefore,  if  llie  leap-year  begins  on  Suiido^ 
it  will  end  on  Mnmlat/ ;  and  the  next  jearwiil  ba 
siti  on  Tuesday,    the  first  Snmlay  whereof  mu^ 
ftil  on  the  sixth  al  January,  to  which  is  annexed  theJ 
letter  F,  and  not  G,  as  in  i:onimon   yeara.      Bi^ 
this  means,  the   leap-year  returning  evcr^-  Ibiin 
year,  the  order  of  the  Dominical  letters  is  interrupt-! 
ed;  and  the  series  cannot  return  to  its  first  stale  iMl 
arter  four  times  seven,  or  28  years  ;    and  then  tltfit 
same  days  of  the  months  return  in  order  to  theMmfrJ 
days  of  the  \veek  as  before. 

391.  To  find  thp  Dom'mical  letter  for  any  geai\ 
either  before  or  after  the  Christian  ara.     In  Tahiti 

,111.  or  W.for  old  style,  or  V.  for  rtnv  style,  look 
forthe  hundreds  of  years  at  the  head  of  ilie  table, 
and  for  the  years  below  a  hundred  (to  make  up  the 
given  year)  at  the  left  hand;  andwhert  the  columns  J 
meet,  you  have  the  Dominical  letter  for  the  year  d&i  ■ 
sired.     Thus,  suppose  the  Dominical  letter  be  rci.l 
(juired  for  the  year  of  Christ  1758,  new  stylf,  ll 
look  for  1700  at  the  head  of  Table  V.  and  for  58  at  J 
the  left  liand  of  the  same  table ;  aiid  in  the  angle  ( 
ineedng',  1  find  .4^  uhich  is  the  Dominioil  leticrfo^l 
that  yeai*.     If  it  was  «anting  for  the  same  }-cflr  oli\ 
style,  it  would  be  found  by  Table  IV.  to  be  jO^f 
But  to  find  the  Dominical  letter  Jor  any  givett  year\ 
hefore  Chuist,  subu-aet  one  fi-om  Mfl(  year,  audi 
then  proceed  in  all  respects  as  just  now  taughl,  (dl 
find  it  by  Table  III.     Thus,  suppose  the  Domint^l 
cal  letter  be  required  for  the  585lh  year  beR>re  tM 
first  yearof  Christ,  look  for  500at  iheheadofT* 
hie  111.  and  for  84  at  the  left  hand ;  in  the  niertiig' 
rif  these  columnsyou  will  find  FE,  which  were  \ 
Dominical  Iclters  for  thai  year,  and  shew  thai  it  v 
a  leap-vear ;  because  leap-year  has  always  two  T 
minical  letters. 

392.  To  find  the  day  of  the  month  answering  I 
any  day  of  the  tveek,  or  the  day  of  the  week  i 
sivn-in!^  to  nny  day  tfihe  month,  for  any  year  p 
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vr  /e  ame.  Having  found  the  Dominical  letter  for 
the  given  year,  enter  Table  VI,  with  the  Dominical 
letter  at  the  head ;  and  under  i(,  all  the  days  in  that 
column  art;  Surufays,  in  the  divisions  of  the  months; 
the  next  column  to  the  right  hand  are  Mem/ays;  the 
next,  Tuesdays ;  and  so  on,  to  the  last  column  un- 
der G;  from  which  go  back  to  the  column  under  jiy 
and  thence  proceed  toward  the  right  hand  as  before. 
Thus,  in  the  year  17.57,  the  Dominical  letter  nevj 
style  is  5,  in  Table  V;  then,  in  Table  VI,  all  the 
days  under  B  &re  Sundays  in  that  year,  ij/z.  the  2d, 
9th,  16th,  23d,  and  30th  oi  January  and  October; 
the  6th,  1 3th,  20th,  and  27tb  of  February,  March, 
a.iiA  November ;  the  3d,  10th,  and  17ih  of  j/^nVand 
Jtf/v,  together  with  the  3 1st  oi  July  ;  and  so  on,  to 
the  foot  of  the  column.  Then,  of  course,  all  the 
days  under  Care  Mondays,  namely,  the  3d,  lOth, 
Ss'f.  of  January  and  October  ;  and  so  of  all  the  rest 
in  that  column.  If  the  day  of  the  -week  answering 
to  any  day  of  the  monfh  be  required,  it  is  easily  had 
from  the  same  table  by  the  letter  that  stands  at  the 
top  of  the  column  10  which  the  given  day  of  the 
month  is  found.  Thus,  the  letter  that  stands  over 
the  2Sth  of  May  is  J  ;  and  in  the  year  535  before 
Christ,  the  Dominical  letters  were  found  to  be 
/",£,§  391  i  which  being  a  leap-year,  and  E 
taking  place  from  the  24th  of  February  to  the  end 
of  that  year,  shews,  by  the  lable,  that  rhe  25th  of 
May  was  on  a  Sunday;  and  therefore  the  28th  must 
have  been  on  a  Wednesday  ;  for  when  E  stands  for 
Sunday^  F  must  stand  for  Monday,  G  for  Tues- 
day,  Sec.  Hence,  as  it  is  said  that  the  famous  eclipse 
ol  the  Sun  foretold  by  Th-ii-e  s,  by  which  a  peace 
was  brought  about  between  the  MeJes  and  Lydiatu, 
happened  on  the  2Sth  of  May,  in  the  585th  year 
before  Christ,  it  fell  on  a  Wednesday. 

393.  From  the  multiplication  of  the  sglar  cycle  j^,,;;,^ 
of  28  years,  into  the  lunar  cycle  o^  1 9  years,  and  ihei""''"*  .. 
Roman  indiction  of  1 5  years,  arises  the  great  Julian 
3G 
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■,         period,  consisring  of  7980  years,  which  had  its  beJi 
^m  ginning  764 years  before  Strauchius's  supposed  yeafl 

^r^  of  the  creation  (for  no  later  could  all  the  ihree^l 

cycles  begin  together),  and  it  is  not  yet  completed;! 
and  therefore  it  includes  all  other  cycles,  periods^  I 
and  a;ras.  There  is  but  one  year  in  the  whole  pe^l 
riod  that  has  the  same  numbers  for  the  three  cycle*  I 
of  which  il  is  made  up  :  and  therefore,  if  historiansl 
had  remarked  in  their  writings  the  cycles  of  each  I 
year,  there  had  been  no  dispute  about  the  time  of  I 
any  action  recorded  by  them.  I 

Tofindthe      394.  The  Dimysian  or  vulgar  sera  of  Chkut'sJ 
Mri^.""^  birth  was  about  the  end  of  the  year  of  the  Julian  pe** 
riod  4713  }  and  consequently  the  first  year  of  hia 
age,  according  to  that  account,  was  the  47  T+th  year 
of  the  said  period.     Therefore,  if  to  the  current 
year  of  CtiRisT  we  add  4713,  the  sum  will  be  the 
year  of  the  Julian  period.  So  the  year  1 75"  will  be 
found  to  be  the  6470th  year  of  that  period.  Or,  to 
find  the  year  of  the  Julian  period  answering  to  ant  ~ 
givtn  year  beforelhefirstyear  of  Christ,  subtraC 
ihe  number  of  that  given  year  from  4714,  and  iIm 
remamder  will  be  the  Julian  period.     Thus,  th( 
year  585  before  the  first  year  of  Christ  (whicl 
was  the  584th  before  his  birth)  was  the  4 1 29tb  ycal. 
of  the  said  period.  Lastly,  to  find  the  cycles  of  the 
Sun,  Moon,  and  indiction,  for  any  given  year  of  this 
period,  divide  the  given  year  by  28,  ili,  and  1^; 
AnJtiic    *^^  three  remainders  will  be  the  cycles  sought,  a 
the  quotients  the  numbers  of  cycles  elapsed  sli 
"  thebeginningoftheperiod.    So  in  the  above  471* 
year  of  the  Julian  period,  the  cycle  of  the  Sun  ift^ 
JO,  the  cycle  of  the  Moon  %  and  the  cycle  of  indic- 
tion 4;  the  solar  cycle  having  run  through  168 
courses,  the  lunar  -248,  and  the  indiction  a  1 4. 
395.  The  vulgar  3;ra  of  Christ's  birth  was 
,g  never  settled  till  the  year  527,  when  Dlonytius  Ext' 
gtiui,  a  Roman  abbot,  fixed  it  to  the  end  of  the 
4713lh  year  of  the  Jidian  period,  which  veas  four 
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years  too  late. — For  our  Saviour  was  bgm  before 
rhe  death  of  Herod,  who  sought  to  ki]i  him  as  soon 
as  he  heard  of  his  birth .  And  according  to  the  tes- 
timony of  Josephus  (B.  xvii.  ch.  8.)  there  was  an 
eclipse  of  the  Moon  at  the  time  of  Hcrod'^  last  ill- 
ness ;  which  eclipse  apjiears  by  our  astronomical  ta- 
bles to  have  been  in  the  year  of  the  Julian  period 
47 1 0,  March  1 3th,  at  3  hours  past  midnight,  at  Je^ 
ruialem.  Now  as  our  Saviour  must  have  been 
bom  some  months  before  Herod's  death,  since  in  the 
interval  he  was  carried  into  Egypt,  the  latest  lime  In 
which  we  can  fix  the  true  sra  of  his  birth  is  about 
the  end  of  the  470yth  year  of  the  Ju/ian  period. 

There  is  a  remarkable  prophecy  delivered  to  us 
in  the  ninth  chapter  of  the  book  of  Daniel,  which, 
I'rom  a  certain  epoch,  fixes  the  time  of  restoring  the 
stateof  the  Je«i;,  and  of  building  the  walls  of  VfrK- 
ialem,  the  coming  of  the  Mdssiah,  his  death,  and 
the  destruction  of  Jerusalem. — But  some  parts  of 
this  prophecy  (Ver.  25.)  are  so  injudiciously  pointed 
in  our  English  translation  of  the  Bibk;  that,  if  they 
be  read  according  to  those  stops  ot  pointing,  they 
are  quite  unintelligible. — But  the  learned  Dr.  Pri- 
</ffla.v,  by  altering  these  stops,  makes  the  tense  very 
plain;  and  as  he  seems  to  me  to  have  explained  ihc 
whole  of  il  better  than  any  other  author  I  have  read 
on  the  subject,  I  shall  set  down  the  whole  of  the 
prophecy  according  as  he  has  pointed  it,  to  shew  in 
what  manner  he  has  divided  it  into  four  diflVrent 
parts. 

Ver.  24.  Seventy  weeks  are  determined  upon  thy 
People,  and  upon  thy  holy  City,  to  finish  the  Trans' 
grcstion,  and  to  mahc  an  end  of  Sim,  and  to  make 
reeoniiliittiort  for  Iniquity,  and  to  bring  in  everlast- 
ing Righteousness,  and  to  seal  up  the  Viiien,  and  the 
Prophecy,  and  to  anoint  the  most  holy.  Fcr.  25, 
Know  therefore  and  understand,  that  from  the  going 
forth  of  the  Commandment  to  restore  and  to  build  Je- 
rusalem unto  the  Mesaiaii  //r  Prince  shall  be  seven 
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weeks  and  ihree-seore  and  two  weekt^  the  ttreet  s 
be  built  again,  and  the  wall  even  in  troubloxu  timer, 
Ver.  26.  jind  after  three-score  and  two  weeks  shall 
MESSIAH  be  cut  off,  hut  not  for  himself,  and  the  peo- 
ple of  the  Prince  that  shall  come,  shall  destroy  the 
City  and  Sanctuary,  and  the  end  thereof  shall  he 
with  a  Flood,  and  unto  the  end  of  the  war  des^a- 
tieni  are  determined.     Ver.  yV.  ^nd  he  shall  coHtA 
firm  the  covenant  -with  many  for  one  week,  and  tin 
the  midst*  of  the  tveek  he  shall  cause  the  sacri^ 
and  the  oblation  to  cease,  and  for  the  overspreadsn, 
of  abominations  he  shall  make  it  desolate  even  usitA 
the  Consummation,  and  that  determined  shall  bepoun 
ed  upon  the  desolate. 

This  commandment  was  given  to  Exra  by  Arloi 
erxcs  Longimanus,  m  the  seventh  year  of  that  kiag^ 
reign  {Exra,  ch.  vii.  ver.  1 1  — 2f J).  Ezra  began  thfl 
work,  which  was  afterwards  accomplished  by  Neh0 
viioh :  in  which  ihey  n«t  with  great  opposition  anr 
trouble  from  the  Samaritans  and  others,  daring  tbi 
first  seven  weeks,  or  49  years.  ' 

From  this  accomplishment  till  the  time  whd 
Christ's  messenger,  John  the  Baptist,  began  D 
preach  the  Kingdom  of  the  Messiah,  G'2  weeks,  a 
4'34  years. 

From  thence  to  thebeginningof  CuRisT'spuli 
lie  ministry,  Haifa  week,  or  34-  years. 

And  from  thence  to  the  death  of  Christ,  half  a 
week,  or  3^  years;  in  which  half-week  he  preachedi  " 
and  confirmed  the  covenant  of  the  Gospel  with  many. 

In  all,  from  the  going  forth  of  the  cnmmandineiU 
till  the  Death  of  Christ,  "O  weeks,  or  490  years. 

And)  lastly,  in  a  very  striking  manner,  ibe  pw 
phecy  foretcls  what  should  come  to  pass  after  the  e 
piration  of  the  seventy  weeks  ;  namely,  the  Destrt 
lion  of  the  City  and  Sanctuary  by  the  people  of  I 
Prince  that  was  to  come  ;  which  were  the  Rom 

'  The  Doctor  sajrs,  that  ihU  oii^jht  to  be  rendered 
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armies,  under  the  command  of  Titui  their  prince, 
who  came  upon  jEnnakm  as  a  torrent,  with  their 
idolatrous  images,  which  were  an  abomination  to 
the  Jt-uis^  and  under  which  they  marched  against 
ibem,  invaded  their  land,  and  besieged  their  holy 
city,  and  by  a  calamitous  war,  brought  such  utrer 
destruction  upon  both,  that  the  Je'Ms  have  never 
been  able  to  recover  themselves,  even  to  this  day. 

Now,  both  by  the  undoubted  canon  of  Ptolemy^ 
and  the  famous  tsra  of  Nabonaisar,  the  beginning 
of  the  seventh  year  ot  the  reign  of  Artaxcrxes  Lou- 
gimanuj,  king  of  Persia,  (who  is  called  Jhasuerus 
in  the  book  of  Esther,)  is  pinned  down  to  the 
4256th  year  of  the  Julian  period,  in  which  year  he 
gave  Exra  the  above-mentioned  ample  commission: 
from  which,  count  490  years  to  the  death  of 
Chri3t,  and  it  will  carry  the  same  to  the  4746th 
year  of  the  Julian  period. 

Our  Saturday  is  the  Jewish  Sabbath  :  and  it  is 
plain  from  St.  Mark,  ch.  xv.  ver.  42,  and  St,  Luke, 
ch.  xxiii.  ver.  54,  that  Christ  was  cniciiied  on  a 
Friday,  seeing  the  crucifixion  was  on  the  day  next 
before  the  Jewish  Sabbath. — And  according  to  St. 
John,  ch.  xviii.  ver.  28,  on  the  day  that  the  Passover 
was  to  be  eaten,  at  least  by  many  of  the  Jcu's. 

The  Jews  reckoned  their  months  by  the  Moon, 
and  their  years  by  the  apparent  revolution  of  the 
Sun  :  and  they  ate  the  Passover  on  the  1 4th  day  of 
the  month  of  Nisan,  which  was  the  first  month  of 
their  year,  reckoning  from  the  first  appearance  of 
the  new  Moon,  which  at  that  lime  of  tlic  year  might 
be  on  the  evening  of  the  day  next  after  the  change, 
if  the  sky  was  clear.  So  that  their  14ihday  ol  ihc 
month  answers  to  our  fifteenth  day  of  the  Mi>on, 
on  which  she  is  full. — Consequently,  the  Passover 
was  always  kept  on  the  day  of  full  Moon. 

And  the  full  Moon  at  which  it  was  kept,  was //<<?/ 
one  which  happened  next  after  the  vernal  equinox. 
— Tor  Joscpht/i  expressly  s-iys(J>!fiq.  B.  iii.  ch.  10.) 
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"  The  Passover  was  kept  on  ihe  14th  day  of  the 
"month  oiNisan^  according  to  the  Moon,  when  the 
"  Sun  was  in  Ariss." — And  the  Sun  always  enters 
Aries  at  the  instant  of  the  vernal  equinox  ;  which, 
in  our  Saviour's  time,  fell  on  the  22d  day  of  Marcht\ 
The  dispute  among  chronoiogers  about  the  yea^T 
of  Christ's  death  is  limiied  to  tour  or  five  years  atj 
most. — But,  as  we  have  shewn  that  he  was  crucifl. 
Tied  on  the  day  of  a  Pascal  full  IVIoon,  and  on  i1 
Friday^  all  that  we  have  to  do,  in  order  to  ascer«a 
tain  the  year  of  his  death,  is  only  to  compute  iir 
which    of  those  years  there  was  a  Passover  fulti 
Moon  on  a  Friday. — For,  the  full  Moons  aniidpati 
eleven  days  every  year  (12  lunar  months  being  so 
much  short  of  a  solar  year),   and  therefore,  once 
in  every  three  years  at  least,  the  Jews  were  obhg- 
ed  to   set    their    Passover  a  whole    month    for- 
warder  than  it  fell  by  the  course  of  the  Moon,  on 
the  year  next  before,  in  order  to  keep  it  at  the  full 
Moon  next  after  the   equinox;    therefore  thcr^J 
could  not  be  two  Passovers  on  the  same  nominal 
day  of  the  week  within  the  compass  of  a  fM 
neighbouring  years.     And  I  find  by  calculation, 
the  only  Passover  full  Moon  that  fell  on  a  FridayA 
for  several  years  before  or  after  the  disputed  ycaif 
of  the  crucifixion,  was  on  the  3d  day  of  Aprils  id 
the  474Slh  year  of  the  Julian  period,   which  was! 
the  4"0th  year  after  E:ira  received  the  above-men-1 
tioned  commission  from  Artaxcrxes  Lontimanus^ 
according  to  Piokmy'j  canon,  and  the  year  m  wht~ 
the  MifssjAH  was  to  be  cut  off,  according  to  I 
V  prophecy,  reckoning  from  the  going  forth  of  ih<A 

commission  or  commandment :  and  this  490tb  yeas 
was  thcyyd  year  of  our  Saviouk's  age,  reckoning 
from  the  vulgar  jera  of  his  birth  ;  but  the  37tb, 
reckoning  from  the  true  a;ra  thereof. 

And,whenwcreflect  on  what  the  Jfitj  told  him, 
some  time  before  his  death  {John  viii.  57.)  "  thou 
"  art  not  yet  fifty  yean  old"  we  must  confess  that 
it  should  seem  much  likelier  to  have  been  said  to  a 


Of  the  Times  of  the  Birth  and  Death  ^Christ.  421 

person  near  forty  than  to  one  but  just  turned  of 
thirty.  And  we  may  easily  suppose  that  St.  Luke 
expressed  himself  only  in  round  numbers,  >vhen 
he  said  that  Christ  was  baptised  about  the  SOth  year 
of  his  ^^^,when  he  began  his  public  ministry;  as  our 
Saviour  himself  did,  when  he  said  he  should  lie 
three  days  and  three  nights  in  the  grave* 

The  4746th  year  of  the  Julian  period,  which  we 
have  astronomically  proved  to  be  the  year  of  the 
crucifijuon,  was  the 4th  year  of  the  202d  Olympiad; 
in  which  year,  Phlegon^  a  heathen  writer,  tells  us, 
there  was  the  most  extraordinary  eclipse  of  the  Sun 
that  ever  was  seen.  But  I  find  by  calculation,  that 
there  could  be  no  total  eclipse  of  the  Sun  at  Jerusa^ 
lem^  in  a  natural  way,  in  that  year. — So  that  what 
Phlegon  here  calls  an  eclipse  of  the  Sun  seems  to 
have  been  the  great  darkness  for  three  hours  at  the 
time  of  our  Saviour's  crucifixion,  as  mentioned 
by  the  Evangelists  :  a  darkness  altogether  superna- 
tural, as  the  Moon  was  then  in  the  side  of  the  hea* 
vens  opposite  to  the  Sun  ;  and  therefore  could  not 
possibly  darken  the  Sun  to  any  pare  of  the  Earth. 

396.  As  there  are  certain  fixed  points  in  the  hea- 
vens from  which  astronomers  begin  their  computa- 
tions, so  there  are  certain  pouits  of  time  from  which 
historians  begin  to  reckon ;  and  these  points,  or 
roots  of  time,  are  called  aras  or  epochs.  The  most 
remarkable  icertf  J  are,  those  of  the  creation  j  thtGreek 
Olympiads^  the  building  of  Rome^  the  ara  of  Nabo- 
nassarj  the  dtzth  oi  jilexanderj  the  birthof  Christ,, 
the  Arabian  Hegira,  and  the  Persian  Tesdegird :  all 
which,  together  with  several  others  of  less  note, 
have  their  beginnings  in  the  fqllowing  table  fixed 
to  the  years  of  the  Julian  period^  to  the  age  of  the 
world  at  those  times,  and  to  the  years  before  and 
after  the  year  of  Christ's  birth. 
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I-  The  Creation  of  [he  World 

J.  The  Deluge,  or  JWah'^  Flood 

!.  The  -lnnyrian  Monarchy  founded  by  JVimrod 

k  Tlie  B  rth  of  Mra/iam  .... 

i.  Tlic  Destruction  o    Sodom  and  Gomorrah 

>.  The  llef^inning  of  tlie  Kin^om  ot-zflAnH*  by  Ctcrofit 

'.  Monn  receives  the  Ten  Commandments 

I.  'I'hc  EntriUice  of  the  laracUtea  into  Canaan 

'.  Tlie  jirgOTiauiic  Expedition 

>.  The  Destruction  of  Troy 

I  •  The  Begiuning  of  King  Iiavid'%  Reign 

':  The  rounilution  of  Solomon's  Temple 

f.  Lycuygiu  forma  li  s  tscellent  Laws 

k  ylrbacrt,  the  first  King  of  the  Medea 

>.  Mandaueug,  the  second         .         •         .         . 

'-  ^otarmns,  the  third  .... 

■-  The  Beginning  of  tlie  Oli/mftiad* 

I.    i^i'ca,  the  fourth  King  of  the /Merf« 

'.  The  Catonian  Efineha  of  the  Building  of  Rome 

>.  Tlie  .'Era  of  .Vabonn^taar  .... 

..  The  Destrucllaii  of  &irMana  by  Salmanraer 

!.  The  first  Kclipse  of  the  Moon  on  Record      . 

J.  Cardiceti,  the  fifth  Kingof  ihc  Medi» 

!.  /'Anz'jr/ivi,  the  sixth  .... 

i,  Ciiajcaren,  the  seventh  .... 

i,  Tlie  first  Babylonia  A  Captivity  by  Jv'ebuehadnezzar 

■.  The  long  War  ended  between  the  Medea  and  Lydiam 

>.  The  second  iiaAi//«firj A  Captivity  and  Birth  of  Cyrm 

'.  The  Destruction  of  Soiomoa'^  Temple 

).  .Veiuc/mdnczzar  slnick  with  Madness 

.  Baniel'f  Vision  of  the  four  Monarchies 

i.  Cijyiia  begins  to  reign  in  the  Jferaian  Empii-c 

:.  The  Baltie  of -lAiro/Aon        .... 

I.  .Irlaxrr^-fs  Loiiginiau;is  begins  to  reign 

1.  The  UcKinnUig  of  Uutiirt't,  seventy  Weeks  of  Years 

i.  TliF  Bc;,'ii!niMg  of  the  J'rlo/.oiinexici:  War     . 

",  ,-l/e.i-a!!di-r's  Victoiy  at  Arbela 

I.  ilis  Death 

'.  The  Cap'ivity  of  lon.CiOD  Jeiua  by  King  Ptoiemy 
I.  The  Culossusof  JiAorfMthrowndownbyanEarth'ii; 
,  Anli'.chua  defeated  by  PioUmy  Plulofiatcr      . 
:.  The  famous  .^hchimedes  murdered  at  ■Siirac;^, 
i.  Jason  butchers  the    nhabitants  of  .hruaalcm 
.  Corin  h  plundered  and  burnt  by  Consul  M^!r.ii:iu. 
'.  Jiifim  C.c:farmvadc&  Jirilain 
i.  He  corrects  tlie  Calendar 
'.  Is  killrd  in  'lit.-  Scna'e-IIouse 
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is.  Ncrod  msAe  King  of  Judca    -----    -^ 

49.  Anthtmy  defeated  at  the  Battle  oi  Actium  -    • 

50.  Jgrippa  builds  the  Panthtfm  at  Rome        •    - 

51.  The  true  £ra  of  Christ's  Qirth        -    •    - 

52.  The  Deathof/Trroc/    -    .    - 

53.  The  DyotuMian  or  vulgar  Mrh  of  Christ's  Birth 

54.  The  true  year  of  his  Crucifixion      .    .    «    • 

55.  The  Destruction  of  Jerusalem     -    -     -    -    - 

56.  Mrian,  builds  the  Long  Wall  in  Britain    -    • 

57.  ConaUmdus  defeats  the  Picta  in  Britain    -    • 

58.  The  Council  of  Mce    -------- 

59.  The  Death  of  Conatantine  the  Great     •    «    - 
€0.  The  6bj:0f»  invited  into  jSrtVoin       -.   .    •    - 
61,  The  AraHan  Hegira     -------- 

63*  The  Death  oi  Mohammed  the  pretended  Prophet 
63.  The  Persian  Yeadegird      --.-.-- 
€4.  The  Suni  Moon^  and  all  the  Planets  in  Libra^ 

Sefit,  14,  as  seen  from  the  Earth 

65.  The  Art  of  Printing  discovered       -    -    •    . 

66.  The  Reformation  begun  by  Martin  Luther    ■* 
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In  fixing  the  year  of  the  creation  to  the  706th  Ag«  or    > 
year  of  the  Julian  Period,  which  was  tlie  4007th  *^«  ^^ 
year  before  the  year  of  Christ's  birth^  1  have  fol-  ^^      ^'V 
lowed  Mr.  Bedford  in  his  Scripture-Chronology, 
printed  A.  D.  1730,  and  Mr.  Kennedy^  in  a  work 
x)f  the  same  kind,  printed  A.  D.  1762. — Mr.  Bed-  '  ^ 

"joird  takes  it  only  for  granted  that  the  world  was 
created  at  the  time  of  the  autumnal  equinox ;  but 
Mr.  Kennedy  affirms  that  the  said  equinox  was  at 
the  noon  of  the  fourth  day  of  the  creation-week,  and 
that  the  moon  was  then  24  hours  past  her  opposition 
to  the  Sun. — H Moses  had  told  us  the  same  things, 
we  should  have  had  sufficient  data  for  fixing  tlie  ara 
of  the  creation ;  but  as  he  has  been  silent  on  tliese 
points,  we  must  consider  the  best  accounts  of  chro- 
nologers  as  entirely  hypothetical  and  uncertain. 
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197  'T'l^E  Oreeby.  This  machine  shews  the" 

'  X  moiions  of  the  Sun,  Mercury,  Venus, 
■Earth,  and  Moon;  find  occasionally,  the  superior 
planets,  iM:irs,  Jupsler,  and  Saturn,  may  be  put  on; 
Jupiter's  four  satellites  are  moved  round  him  in 
their  proptr  times  by  a  small  uincli,  and  Salum 
has  his  five  satellites,  and  his  ring,  uhich  keeps  its 
parallelism  round  the  Sim  ;  and  by  a  lamp  put  in 
the  Sun's  place,  the  ring  shews  all  the  phases  dc 
scribed  in  the  204th  article. 

In  the  centre,  No.  1.  represents  the  Sun 
ported  by  its  axis  inclining  almost  8  degrees  froi 
tlie  axis  of  the  ecliptic ;  and  turning  rotind  in  '2i  _ 
days  on  its  axis,  of  which  the  north  pole  inclines 
toward  the  8ih  degree  of  Pisces  in  the  great  ecliptic 
.(No.  II.),  whereor*  the  months  and  diiy 
graven  o\xt  the  signs  and  degrees  in  which  the 
appears,  as  seen  from  die  Earth,  on  the  diffci 
daj  s  of  the  year. 

The  nearest  planet  (No.  'i.)  to  the  Sun  is  Met' 
curt/,  which  goes  rountl  him  in  87  days  23  hours, 
.or  87j7  diurnal  rotations  oi  the  Earth ;  but  has  no 
motion  rom'd  its  axis  in  the  machine,  because  the 
time  of  its  diurnal  motion  in  the  heavens  is  not 
known  to  lis. 

The  next  planet  in  order  is  Venus  {No.  3.)  which 
performs  her  annual  course  in  224  days  17  hours; 
and  turns  round  her  axjs  in  24  days  8  hours,  or 
in  24^  diurnal  rotations  of  the  Earth.  Her  axis 
inclines  75  degrees  from  the  axis  of  the  ecliptic, 
ond  her  north  pole  inclines  toward  the  20th  de- 
gree of  Aquarius,  according  to  llie  observations 
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liianchini.     She  shews  all  the  plienomena  described 
from  the  30[h  lo  the  44.lh  article  in  chap.  1. 

Next  without  the  orbit  of  Venus  is  the  far///,  TUeEinb. 
(No.  4.)  wluch  turns  round  its  axis,  to  any  fixed 
point  at  a  great  distinct,  in  23  hours  56  minutes 
4  seconds,  of  mean  solar  time  (^  521,  ^  seg.),  bur 
IVom  the  sun  to  the  Sun  again  in  24  hour^  of  the 
same  time.  No.  6.  is  a  sidereal  di-ilj'late  under  the 
Earth;  and  No.  7.  a  sular  dial-p!atcon  the  cover  of 
the  machine.  The  index  of  the  former  shews  side- 
reaJ,  and  of  the  latter,  solar  time;  and  lience,  the  for- 
mer index  gains  one  entire  revolution  on  the  latter 
every  year,  as  305  solar  or  natural  days  contain  366 
sidereal  days,  or  apparent  revolniiors  of  the  stars.  In 
the  lime  that  the  EarUi  makes  365J  diurnal  rotations 
on  its  axis,  it  goes  onee  round  the  Sun  in  the  plane 
of  the  ecliptic ;  and  always  keeps  opposite  to  a  mov- 
ing index  (No.  10.},  which  shews  the  Sun's  apprcnt 
daily  change  of  place,  and  also  tlie  days  of  the  months. 

The  Earth  is  half  covered  ivilli  a  black  cap,  to 
divide  the  apparently -enlightened  half  next  the  Sun  ■ 
from  the  other  half,  which  ul>en  turned  away  from  him 
is  in  the  dark.  The  edge  of  the  cap  represents  the 
circle  bounding  light  and  darkness,  and  shews  at  what 
time  the  Sun  riseh  and  sets  to  all  places  throughout  the 
year.  The  Earth's  axis  inclines  2Jj  degrees  from  the 
axis  of  the  ecliptic,  the  north  pole  inclines  toward  the 
beginning  of  Cancer,  and  keeps  its  parallelism  through- 
out its  annual  course,  J  4if,  'Jf^2  ;  so  that  in  summer 
■the  nortlicrn  parts  of  the  Eanh  inclines  to^vard  tire 
Stm,  and  in  winter  declines  from  him :  by  which 
means  the  diifei-cnt  lengths  of  days  and  nights,  and 
the  cause  of  tlic  various  seasons,  are  dciiKMistralcd 
to  sight. 

There  is  a  broad  horizon,    to  the  upper  side  of 

which  is  fixed  a  meridian -semicircle  in  the  north  and 

south  points,  graduated  on  both  sides  from  the  Ivjri- 

aon  to  90°  in  the  zenith,  or  vertical  point.  The  edijc 
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of  the  horizon  is  graduated  from  the  east  and  west  to 
the  south  and  north  points,  and  within  these  divisions 
are  the  points  of  the  compass.  From  the  lower  side 
of  this  thin  horizon-plate,  stand  out  four  small  Hires, 
to  which  is  fixed  a  twilight-circle  18  degrees  from  the 
graduated  side  of  the  horizon  all  round.  This  hori- 
zon  may  be  put  upon  the  Earth  (when  the  cap  is  taken 
away),  and  rectified  to  the  latitude  of  any  place:  and 
then,  by  a  small %vire  called  the  solar  ray^  which  may 
be  put  on  so  r.s  to  proceed  direcdy  from  the  Sun*s 
centre  toward  the  Earth's,  but  to  come  no  farther  than 
almost  to  touch  the  horizon.  The  beginning  of  twi- 
light, time  of  sun-rising,  with  his  amplitude,  meridi- 
an-altitude, time  of  setting,  amplitude  then,  and  end 
of  twilight,  are  shewn  for  every  day  of  the  year,  at 
that  place  to  which  the  horizon  is  rectified. 

ThcMoon.  '^^^  Moon  (No.  5.)  goes  round  the  Earth,  from 
between  it  and  any  fixed  point  at  a  great  distance,  in 
27  days  7  hours  43  minutes,  or  through  all  the  signs 
and  degrees  of  her  orbit ;  which  is  called  her  periodi- 
cal revolution :  but  she  goes  round  from  the  Sun  to 
the  Sun  again,  or  from  change  to  change,  in  29  days 
12  hours  45  minutes,  which  is  her  syrwdical  revolu- 
tion ;  and  in  that  time  she  exhibits  all  the  phases  al- 
ready described,  )  255. 

When  the  above-mentioned  horizon  is  rectified  to 
the  latitude  of  any  given  place,  the  times  of  the  Moon's 
rising  and  setting,  together  with  her  amplitude,  are 
shewn  to  that  place  as  well  as  the  Sun's,  and  all  the 
various  phenomena  of  the  harvest-moon,  y  273,  &' 
seq.  are  made  obvious  to  sight. 

The  nodes.  The  Moon's  orbit  (No.  9.)  is  inclined  to  the 
ecliptic  (No.  11.),  one  half  being  abo\e,  and  the 
other  below  it.  The  nodes,  or  points  at  0  and  0,  lie 
in  the  plane  of  the  ecliptic,  as  described  ^  317,  318, 
and  shift  backward  throngh  all  its  signs  and  degrees 
in  18-J  years.  The  degrees  of  the  Moon's  latitude,  to 
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the  highest  at  A*  X  (north  latitude),  and  lowest  at  5 
L  (south  latitude),  are  engraven  botli  ways  from  her 
nodes  at  0  and  U ;  and  as  the  Moon  rises  and  falls  in 
her  orbit  according  to  its  incliniition,  her  latitude  and 
distance  from  her  nodes  are  shewn  for  every  day ; 
ha\')iig  first  rectified  her  orbit  io  as  to  set  the  nodes 
to  their  propel"  places  in  tlie  ecliptic :  and  tlien,  as 
lliey  come  alwut  at  different,  and  almost  opposite, 
dnies  of  the  year,  4  319,  and  point  twice  toward  the 
Sun ;  all  the  eclipses  may  be  shewn  for  hundreds  of 
years  (without  any  new  rectification)  by  turning  the 
machinery  backward  for  time  past,  or  forward  for 
lime  lo  come.  At  17  degrees  distance  iiom  each 
node,  on  botli  sides,  is  engmven  a  small  sun ;  and 
at  12  degrees  distance,  a  small  moon;  which  shew 
the  limits  of  sobr  and  lunar  eclipses,  ij  317:  and 
when,  at  any  chantje,  the  moon  iiills  between  either 
of  these  suns  and  the  node,  the  Sun  will  be  eclipsc^d 
on  the  day  pointed  to  by  the  itmiual  index  (No.  10.), 
and  as  the  NIoon  luis  then  north  or  south  latitude, 
one  may  easily  judge  whether  that  eclipse  will  be  vi-  • 
sible  in  the  norlhcni  or  souliicni  hemisphere;  espe- 
cially as  the  Earth's  axis  inclines  toward  die  Sun  or 
declines  from  him  at  tliat  lime.     And  u  hen  at  any  i 

full,  the  Moon  falls  betivcen  either  of  the  liillc  moons 
and  node,  she  will  be  eclipsed,  and  the  annual  index 
shews  the  day  of  that  ecli|>se.     There  is  a  cii-cle  of  | 

29j  equal  parts  (No.  8.)  on  the  eoverof  ihe  machine, 
on  which  an  index  shews  the  days  of  the  Moon's  age. 

A  scmi-cllipsis  and  semicircle  are  fixed  to  an  el-Waw/i. 
liptical  ring,  which  being  put  like  a  cap  upon  ihe*^'*"^"  • 
Earth,  and  the  forked  part  F  u\ion  tlie  Moon,  shews 
the  tides  as  the  Earth  turns  round  within  them,  and 
they  arc  led  round  it  by  the  Moon.  When  the  dif- 
ferent places  come  to  the  semi-ellipsis  JaEdJi,  they 
have  tides  of  flood :  and  when  they  come  to  the  se- 
micircle CEDf  they  ha\e  tides  of  ebb,  4  304,  305 ; 
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tlie  index  on  the  hour-circle  (No.  7.)  sliewing 
times  of  these  phenomena. 

There  is  a  jointed  wire,  of  which  one  end  being 
put  into  a  hole  in  tlie  upriglit  sttm  that  hotds  the 
Earth's  cap,  and  the  wire  laid  into  a  sm.ill  forked 
piece  which  may  be  occasionally  put  upon  Vcnusur 
Mercurj',  shews  the  direct  and  rttrogmdf  motions  of 
these  two  planets,  with  their  stationary  times  and 
places  as  seen  from  ihe  Earth. 

The  whole  machiner}'-  is  turned  by  a  winch  or 
handle  (No.  12.),  and  is  so  easily  mowd,  that  a  clock 
might  turn  it  without  any  datiger  olyopptng. 

To  give  a  plate  of  the  wlieil  \\orfc  of  this  macliine 
would  answer  no  purjwse,  because  many  of  the 
iwheels  lie  so  behind  others,  as  to  hide  them  from 
sight  in  any  view  whatsoci'er. 
Anoiher  398.  Jfnotfier  ORYiLVL\ .  In  this  machine,  which 
OnttEEv.  Js  j]^  simplest  1  ever  saw,  for  shewing  the  diumul 
ffoK  r/.  and  annual  motions  of  the  Earth,  together  with  the 
motion  of  the  Moon  and  her  nodes,  A  and  B  are 
two  oblong  square  plates  held  together  by  four  up- 
right pill!U"s;  of  which  three  appear  at/i  g,  and^K 
Under  the  plate  A  is  an  endless  screw  on  (he  axis  of 
the  handle  i,  Mhiuli  works  in  a  wheel  fixfd  on  the 
same  axis  with  the  double- grooved  wheel  £;  and  on 
the  top  of  this  axis  is  fixed  the  toothed  wheel »,  w  hith 
turns  the  pinion  k,  on  the  top  of  whose  axis  is  ilic 
pinion  k  2,  which  turns  another  pinion  b  2,  and  diict 
turns  a  third,  which  being  fixed  on  a  2,  the  axii  of 
the  Earth  U,  turns  it  round,  and  the  earth  with  it : 
tills  last  axis  inclines  in  an  angle  of  23  J  degrees.  The 
supporter  X -2,  in  wh'ich  rhe  axis  of  the  earth  turns, 
is  fixed  to  the  moveable  plate  C. 

In  the  fixed  plate  B,  bej  ond  //,  is  fixed  tite  strong 
wire  d,  on  «hich  hangs  the  sun  7',  so  as  it  may  turn 
round  the  wire.  To  ihis  sim  is  fixed  the  wirci 
lar  ra^  Z,  which  (as  the  earth  6'"t(irns  round hs 
points  to  all  the  places  tfjal  ilie  Sun  p;tsses  vertii 
over,  c\erj' day  of  tlie  year.     'Ihe  carih  is  hall" 
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vered  with  a  black  cap  (/,  as  in  the  former  Orrery,  'or 
dividing  the  day  from  the  nigHt ;  and  as  the  dificreiit 
places  come  out  Irom  below  the  edge  of  the  cap,  or 
go  in  below  it,  they  shew  Uie  times  of  sun-rising  and 
setting  every  day  of  the  year.  This  cap  is  fixed  on 
the  wire  A,  which  has  a  forked  piece  C  turning  round 
tlie  wire  d:  and,  as  the  earth  jjoes  round  the  sun,  it 
carries  the  cap,  wire,  and  solar  ray  round  him;  so 
that  the  solar  ray  con&taiitly  points  totvard  the  earth's 
centre. 

On  the  axis  of  tiie  pinion  k  is  the  pinion  m,  which 
turns  a  wheel  on  ihe  cock  or  supporter  71,  and  on  the 
nsis  of  this  i\hecl  nearest  n  is  a  pinion  (hiil  from 
view)  under  the  plate  t',  which  pinion  turns  a  wheel 
that  carries  the  moon  Kround  the  earth  i/;  the  moon's 
axis  rising  and  faUing  in  the  socket  IF,  which  is  fix- 
ed to  ilie  triangular  piece  above  Z ;  and  this  piece  is 
fixed  to  the  top  of  tlie  axis  of  the  last-mentioned 
■wheel.  The  socket  IF\s  sht  on  the  outermost  side  : 
and  in  this  slit  the  two  pins  near  }',  fixed  in  the  moon's 
axis,  move  «p  and  down;  one  of  them  being  above 
the  inclined  plane  YX,  and  the  other  below  it.  By 
this  mechanism,  the  moon  V  moves  round  the  earth 
T  in  the  inclined  orbit  y,  parallel  to  the  plane  of  the 
ring  YX;  of  which  die  descending  node  is  at  A',  and 
■  the  ascending  node  opposite  to  it,  but  hid  by  the  sup- 
porter A'  2, 

The  small  wheel  E  turns  the  large  wheels  D  and 
/'',  of  equal  diameters,  by  cat-gut  strings  crossing 
between  thfm:^and  the  axes  of  these  two  wheels  arc. 
cranked  at  O  and  //,  above  the  plate  B.  The  up- 
right stems  of  these  cranks  going  dirough  the  plate 
C,  carry  it  over  and  over  the  fixed  plate  li,  with  a 
motion  which  carries  the  earth  f/ round  the  sun  T, 
keeping  the  earth's  axis  abvays  parallel  to  itself,  or 
still  inclining  toward  the  left  hand  of  the  plate ;  and 
shewing  the  vicissitudes  of  seasons,  as  described  irt 
the  tenUi  chaiJtcr.    As  the  earth  goes  round  ihe  sun 
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the  pinion  h  i^oes  round  the  wheel  i,  for  the  axis  o£ 
k  never  touches  the  fixed  plate  B,  but  turns  on  » 
wire  fixed  into  the  plate  C. 

Oil  the  top  of  tlie  crank  G  is  an'indcx  i,  which' 
goes  round  the  circle  m  2  in  the  time  that  the  earth 
goes  round  tlie  sun,  and  points  to  llie  days  of  the 
months;  which,  together  M-ith  the  names  of  the  sea- 
sons,  are  marked  in  this  circle. 

This  index  has  a  small  grooved  n*lieel  L  6xed 
upon  it,  round  whicli,  and  the  plate  Z,  goes  a  cat. 
gut  string  crossing  betw'een  them ;  and  by  tliis  means 
the  moon's  inclined  plane  YX.  with  its  nodes,  is 
turned  backward,  for  shewing  the  times  and  returns 
of  eclipses,  4  310,320. 

The  following  parts  of  this  machine  must  becoi 
bidered  as  distinct  from  those  already  described- 

Toward  the  riglit  hand,  let  S  be  the  earth  hunj 
on  the  wire  e,  which  is  fixed  into  the  plate  H;  aiu 
let  0  bt;  the  moon  fixed  on  the  axis  JI,  and  tuniing 
round  widiin  the  cap  /',  in  which,  and  in  llie  plate 
C,  the  crooked  wire  Q  is  fixed.  On  the  nxis  m  is 
also  fixed  the  index  JC,  which  goes  round  a  circle  & 
2,  divided  into  29,  equal  parts,  which  are  the  days 
of  the  Moon's  age :  but  to  avoid  confusion  in  the 
scheme,  it  is  only  marked  with  the  numeral  figures 
12  3  4,  for  the  quarters.  As  the  crank  //  carries 
this  moon  round  llie  earth  S  in  the  orbit  t,  she  sliews 
all  her  phases  by  means  of  the  cap  F  for  the  diflcrenfc 
days  of  her  age,  which  are  shewn  by  the  index  A',- 
this  index  turning  just  as  die  moon  O  does,  dtmon- 
strates  her  turning  round  her  axis,  as  she  still  keeps 
die  same  side  toward  the  cardi  S.  f)  262. 

At  the  other  end  of  the  plate  C,  a  moon  A"  goes 
round  an  earth  li  in  the  orbit  p.     But  this  moon'*, 
axis  is  stuck  fast  into  Uie  plate  C  at  .S"  2,  so  that 
ther  moon  nor  axis  can  turn  round;  andasthismi 
goes  round  her  eardi,  she  shews  herself  all  round 
it ;  which  proi'es,  tliat  if  the  Moon  vaa  seen  all 
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from  the  Earth:  in  a  lunation,  she  could  not  turn  round 
her  axis. 

.^V.  B.  If  there  were  only  the  two  wheels  D  and 
F^  with  a  cat-gut  string  over  them,  but  not  crossing 
between  them,  the  axis  of  the  earth  U  would  keep 
its  parallelism  round  the  Sun  T^  and  shew  all  the  sea- 
sons ;  as  I  sometimes  make  these  machines :  and  the 
moon  O  would  go  round  the  earth  Sy  shewing  her 
phases  as  above ;  as  likewise  would  the  moon  A'round 
the  earth  R  ;  but  then  neither  could  the  diurnal  mo- 
tion of  the  earth  Uon  its  axis  be  shewn,  nor  the  mo- 
tion  of  the  moon  ground  the  earth. 

399.  In  the  year  1746  I  contrived  a'very  simple  The  Cal- 
machine,  and  described  its  performance  in  a  small  *^°^^^°*' 
TreatisOupon  the  Phenomena  of  the  Harvest- Moon, 
published  in  the  year  1747.  I  improved  it  soon 
after,  by  adding  another  wheel,  and  called  it  The 
Calculator.  It  may  be  easily  made  by  any  gentleman 
who  has  a  mechanical  genius. 

The  great  flat  ring  supported  by  twelve  pillars,  and  Piate 
on  which  the  twelve  signs  with  their  respective  de-  ^.^\ 
grees  are  laid  down,  is  the  ecliptic ;  nearly  in  the  *^' 
centre  of  it  is  the  sun  iS,  supported  by  the  strong 
crooked  wire  /;  and  from  the  sun  proceeds  a  wire  //^, 
called  the  solar  ray^  pointing  toward  the  centre  of 
the  earth  E^  which  is  furnished  with  a  moveable  ho- 
rizon Hy  together  with  a  brazen  meridian,  and  quad- 
rant of  altitude,  i?  is  a  small  ecliptic,  whose  plane 
coincides  with  that  of  the  great  one,  and  has  tlie  like 
signs  and  degrees  marked  upon  it ;  and  is  supported 
by  two  wires  D  and  Z),  which  are  put  into  the  plane 
PPy  but  may  be  taken  oflf  at  pleasure.  As  the  earth 
goes  round  the  sun,  the  signs  of  this  small  circle 
keep  parallel  to  themselves,  and  to  those  of  the  great 
ecliptic.  When  it  is  taken  off,  and  the  solar  ray  W 
drawit  farther  out,  so  as  almost  to  touch  the  horizon 
H^  or  the  quadrant  of  altitude^  the  horizon  being  rec 
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tilieflloany  given  latitude,  and  the  earth  turned  roui 
its  axis  by  hand,  the  point  of  the  wire  //^ahcws  the 
sun's  declination  in  passing  over  the  graduated  brass 
meridian,  and  his  height  at  any  given  lime  upon  ihc 
«]uadrant  of  altitude,  together  wilh  his  azimutli,  or 
point  of  l>eiiring  upon  llie  horizon  at  rliat  lime  ;  and 
likewise  his  amplitude,  and  lime  of  rising  and  setting 
by  liic  hour-indes,  for  any  day  of  ihe  year  that  '  " 
annual-uidcx  i/ points  lo  in  die  circle  of  months 
Ion"  tiie  sun.  Af  is  a  solar-index  or  pointer  suppc 
ed  by  the  wire  /,,  which  is  fixed  into  the  knob 
tlie  use  of  this  index  is  to  shew  the  Sun's  place  in  the 
ecliptic  every  day  in  the  year;  for  it  goes  over  the 
signs  and  degrees  as  the  ijidcx  U  goes  over  the 
months  and  days ;  or  rather,  as  they  pass  tuidir  the 
index  (/,  in  moving  the  cover-plate  with llicc-arlh  and 
its  furniture  round  the  sun ;  for  the  index  U'ls  fi 
tight  on  the  immoveable  axis  in  the  centre  of  the 
chine.  Vfis  a  knob  or  handle  for  moving  tlie  cai 
round  tlie  sun,  and  the  moon  round  the  eartli. 

As  the  earth  is  carried  round  the  sun,  its  axis  con- 
stantly keeps  the  same  oblique  direction,  or  paralld 
to  itself,  ^  48,  202,  shewing  thereby  the  diffci 
lengths  of  da)-s  and  nights  at  difTcrcni  times  of 
year,  with  all  the  various  seasons.  And,  in  one 
una!  revolution  of  the  earth,  the  moon  Jlf  goes  II 
times  round  it  from  change  to  cliangc,  having  an 
casional  provision  for  shewing  her  difilrcnl  phai 
The  lower  end  of  tlie  moon's  axis  bears  by  a  smi 
friction- wheel  upon  the  inclined  plane  '/",  whicbcaus 
the  moon  to  rise  aljove  and  sink  below  the  ediptic 
in  evcrj'lunaiion;  crossing  it  in  her  nodes,  which  &1 
backward  ihroiigii  all  the  signs  and  degrees  of 
said  ecliptic,  by  the  retrograde  motion  of  ihe 
clined  plane  7",  in  18  years  and  225  days, 
this  plane  ibe  degrees  and  jwrts  of  the  moon's' 
north  and  tjoulb  lalLmdc  are  laid  dowu  fxova  botl) 
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the  nodes,  one  of  wliicti,  viz.  the  descending  node, 
appears  at  0,  by  TJA'' above  £  ;  the  oilier  node  be- 
ing  hid  rrom  ^ight  on  this  plane  by  ihe  plaic  PJ*,- 
and  IVom  both  nodes,  at  pro|)er  disl^nccii,  vn,  in  the 
otlKrr  Orrery,  the  limits  of*  eclipses  are  tnurked,  and 
all  thu  solar  ^iid  lunar  eclipses  ikre  ^eun  in  the  liame 
manner,  lor  any  given  }  ear  n  ilhin  the  limiui  ol  GUOO, 
eiiher  before  or  :.ricr  the  Christian  sera.  On  the 
pi.tte  dut  coveis  die  wheel- woik,  under  die  Sun  S, 
and  round  the  knob  A',  are  ahtronomical  tables,  by 
which  ilie  muchine  niay  be  rectified  to  the  Ijegin- 
ning  of  iinj'  given  year  uhhin  these  Uniitb,  in  three 
or  four  minutes  of  time;  and  when  once  set  right, 
raay  lie  turned  backward  for  300  years  past,  or  lor- 
xvard  for  as  many  to  come,  wiiiiout  requiring  any 
new  rectification.  Thtre  is  a  mciliod  for  its  adding 
up  the  29lh  of  February  every  fourth  year,  and 
allowing  only  28  dtiys  to  diut  mouth  for  every  other 
tlirte;  but  all  this  being  perlormtd  by  a  particular 
manner  of  cutting  the  teeth  cf  the  wheels,  and 
dividing  the  moiuii-circic,  too  long  and  intricate  to 
be  describetl  ht-re,  I  shall  only  shew  how  these 
motions  may  be  periornicd  near  enough  lor  com- 
mon use,  by  wheels  with  groovt  s  and  cat-gut  strings 
round  them  ;  only  here  1  must  put  tlie  oijerator  in 
mind,  that  the  gi'oovc  are  to  be  iryide  shiup- bottom- 
ed, (not  round)  to  keep  the  su-ings  from  slipping. 

'i'hc  moon's  axis  moves  up  iind  down  iji  ibe 
socket  JV,  fixed  into  the  bar  0,  (which  carries  her 
roujid  the  earth)  as  she  rise»  above  or  siriks  belou' 
the  ecliplic;  and  immediately  IkIuw  the  inclined 
plaiK  7' is  a  flat  circular  plate  (between  }*and  '/") 
oil  which  Uie  different  eccentricities  of  tlie  Mooit'jt 
orbit  are  bid  down;  and  likew  ii*e  her  mean  awwaJy 
and  elliptic  ciiualion,  by  which  her  true  place  may 
be  very  nearly  fpund  at  any  lime.  Below  thistipo- 
gec-plate,  wVich  shews  the  anomaly,  Sic.  is  a 
circle  Kdivided  inta  201  equal  parts,  which  are  die 
(  3K) 
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(lays  of  the  Moan's  age:  and  the  forked  end  A  of 
tKe  index  AB  (Fig.  II.)  in;iy  be  put  iiiio  the  apo- 
gce-pdrt  ol  thib  plaic  ;  there  Ijeinp  just  stich  another 
index  to  put  into  the  inclint-d  plane  7'at  the  as*'  i 
cendin)^  node :  and  ilien  the  curved  puints  Ji  nl  ihf  M 
indexes  shew  the  direct  nioiion  ol'  Ihe  iipogee, 
rem)L,riide  motion  ot'the  nodes  through  the  cciiptk 
^,  with  their  places  in  it  at  any  j^iven  time.  As  i ' 
moon  M  goes  round  the  earth  M,  she  shews  I 
place  eveiy  day  in  the  ecliptic  H,  and  llie  lower  eoi 
of  her  axis  slieus  her  luiimde  and  distance  from  he 
node  on  the  inclined  plane  7',  also  lier  distance  from 
her  apoptx-  and  irerigce,  together  with  htr  mean 
anomuty,  the  then  eccentricity  of'hcrorbiti  and  1 
elliptic  equation,  all  on  the  apogcc-platc,  and  t 
day  of  htr  age  in  tlic  circle  )'  of  Sy^  efitial  parts 
for  e\'ery  daj-  of  the  year,  pointed  out  by  the  auiiiM" 
index  U  in  the  circle  of  months. 

Having  rectified  the  machine  by  the  tables  i 
the  beginning  of. any  yc:ir,  move  the  earth  ai 
moon  forward  by   the  knoLi  A*,  until  the  annud  ' 
inde.\  comes  to  any  ^iven  daj-  of  the  month,  then 
stop,  and  not  only  all  the  above  phenomena  i 
be  shewn  tor  that  day,  but  also,  by  turning  I 
canh  round  ita  axis,   the  detlination,    asimil 
amplitude,  alutiide  of  the  JSlotm  at  any  hour,  i 
the  times  ol  her  risinfj;  and  setiing,  are  shcim  fa 
the  horizon,  quadrant  ol  altitude,  :ind  hour-indea 
And  in  moving  the  eurth  luund  tlic  sun,  the  d^ji 
of  all  the  new  and  full  nuxms  and  eclipses  in  a 
given  year  are   shewn.     The  phenomena  of  t 
hurvest-moon,  and  those  of  the  tides,  by  such  a  c 
as  that  in  plate  iX.  Fig.  10.  put  tipon  the  cartli  a 
(noon,  togethej-  wiili  the  suliiiion  of  many  problt 
pot  litre  rtUtcd.  are  made  conspicuous. 

Tlitc;isiest,  though  not  the  best,  way,  tliai  I 
instruct  any  mechanical  person  to  make  the  uh 
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Work  of  such  a  tnacbine,  is  as  follows:  which  is  the 
Way  that  I  made  it,  before  I  thought  of  numbers 
exact  enough  to  make  it  worth  the  trouble  of  cut- 
ting teeth  in  the  wheels. 

.   Fig.  3d  of  Plate  VIII.  is  a  section  of  this  ma-   »latb 
chine ;  in  which  ABCD  is  a  frame  of  wood  held  tOi.  pi^"/f 
gether  by  four  pillars  at  the  corners ;  two  of  which  *^' 
appear  at  AC  and  BD.    In  the  lower  plate  CD  of 
this  frame  are  three  small  friction- wheels,  at  equal 
distances  from  each  other ;  two  of  them  appearing 
at  €  and  e^    As  the  frame  is  moved  round,  these 
wlieels  run  upon  the  fixed  bottom-plate  EE,  which 
supports  the  whole  work« 

In  the  centre  of  this  last-mendoned  plate  is  fixed 
the  upright  axis  OFF/\  and  on  the  same  axis  is 
fixed  the  wheel  HHH^  in  which  are  four  grooves, 
/,  X,  A",  i,  of  different  diameters.  In  these  grooves 
are  caUgut  strings  going  also  round  the  separate 
wheels  M^  N^  0,  and  P. 

The  wheel  M\%  fixed  on  a  solid  spindle  or  axis, 
the  lower  pivot  of  which  turns  at  i?  in  the  under 
plate  of  the  moveable  framQ  ABCD;  and  on  the 
upper  end  of  this  axis  is  fixed  the  plate  oo  (which 
is  FPj  under  the  earth,  in  Fig.  1.),  and  to  this 
plate  is  fixed  at  an  angle  of  23|^  degrees  inclination, 
the  dial-plate  below  the  earth  T;  on  die  axis  of 
which,  the  index  ^  is  turned  round  by  tlie  earth. 
This  axis,  together  with  the  wlieel  Jl/,  and  plate  oo^ 
keep  their  parallelism  in  going  round  the  sun  S. 

On  the  axis  of  the  wheel  M  is  a  moveable 
socket,  on  which  the  small  wheel  A*  is  fixed,  and 
on  the  upper  end  of  this  socket  is  put  on  tight  (but 
so  as  it  may  be  occasionally  turned  by  hand)  the 
bar  ZZ  (viz.  the  bar  O  in  Fig.  1.)  which  carries 
the  moon  m  round  the  earth  7\  by  the  socket  a, 
fixed  into  the  bar.  As  the  moon  goes  round  the 
earth,  her  axis  rises  and  falls  in  the  sockets;  be- 
cause, on  the  lower  end  of  her  axis,  which  is  turned 
inward,  there  is.  a  small  friction- wheel  s  running 
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en  the  inclined  plane  A'  (which  Ik  T'm  Fig.  l.)j  ani 
so  causes  the  moon  altcniately  to  rtbe  above  snd 
sinli  below  the  UlUe  eclipUc  Ky^H  in  Fig.  1.)  ia 
evtrj'  lunation. 

On  the  socket  or  hollow  axis  cJ"  the  wheel  J\\ 
there  is  another  socket,  ou  which  the  wheel  O  is 
fixed;  and  the  moon's  inclined  j)lane  X  is  put 
tightly  on  the  upper  end  of  this  socket,  not  on  a 
square,  but  on  a  round,  that  it  may  be  occasionally 
set  by  hiind  without  wrenching  the  wheel  or  axle. 

Lustly,  on  tiR-  hcjllow  axis  of  the  wheel  O  is  at*, 
other  socket,  on  which  is  fixed  the  wheel  P,  apd  oO.-, 
the  upper  end  of  this  socket  is  put  on  lightly  ihfr^ 
apogee-plate  Y{thQt  immediately  below  7'in  Fig.  I.) 
AU  these  axles  lum  in  the  upper  plate  of  the  move- 
able  frame  at  Q;  which  plate  is  covered  with  the 
thin  plate  ec  (screwed  to  it),  whereon  are  the  fore. 
mentioned  tables  and  month-circle  in  Fig.  1. 

The  middle  part  ot  ilie  thick  fixed  wheel  HHi 
is  much  broader  than  the  rest  of  it,  and  comes  oi 
between  the  w  heels  M  and  0  almost  to  the  w  hi 
A'.  To  adjust  the  diameters  of  the  grooves  of 
fixed  wheel  to  the  giooves  of  the  separate  wh( 
M,  N,  0,  and  F,  so  as  they  may  perform  lh( 
motion  in  their  proper  times,  the  following  mel' 
must  be  observed. 

The  groove  of  tlie  wheel  M,  which  keeps  tht 
parallelism  of  the  earth's  axis,  must  be  prectsely 
of  die  same  diameter  as  the  lower  groove  /of  the 
fixed  wheel  HtlMi  but,  when  this  groove  is  j 
Well  adjusted  as  to  ^hew,  that  in  ever  so  many  ai 
nual  revolutions  of  the  Earth,  its  axis  keeps 
parallelism,  as  may  be  obser^'ed  by  the  solar 
/A'(Fig.  1.)  always  coming  precisely  to  ihe'sai 
degree  of  the  small  ecliptic  R  at  the  end  of  ev 
annual  revolution,  -when  the  index  M  points  to 
tike  degnc  in  the  great  ecliptic;  then,  with 
edge  ol  a  thin  file,  give  the  groove  of  the  whi-cl 
H  small  rub  all  round,  and,  by  that  means  lesseoki^ 
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the  diameter  of  the  groove  perhaps  about  the  20th 
part  of  a  hair's  breadth,  it  will  cause  the  earth  to 
shew  the  precession  of  the  equinoxes ;  which,  in 
many  annual  revolutions,  will  l^egin  to  be  sensible, 
as  the  earth's  axis  deviates  slowly  from  its  paralle- 
lism, (  246,  toward  the  antecedent  signs  o^  the 
ecliptic. 

The  diameter  of  the  groove  of  the  wheel  A*, 
which  carries  the  moon  round  the  .earth,  must  be 
to  the  diameter  of  the  groove  JT,  as  a  lunation  is  to 
a  year,  that  is,  as  291  to  365|. 

The  diameter  of  the  groove  of  the  wheel  O^ 
which  turns  the  inclined  plane  X  with  the  moon's 
nodes  backward,  must  be  to  the  diameter  of  the 
groove  A*,  as  20  to  18|5f .    And, 

Lastly,  the  diameter  of  the  groove  of  the  wheel 
jP,  which  carries  the  moon's  apogee  forward,  must 
be  to  the  diameter  of  the  groove  X,  as  70  to  62. 

But  after  all  this  nice  adjustment  of  the  grooves 
to  the  proportional  times  of  their  respective  wheels 
turning  round,  and  which  seems  to  promise  very  • 
well  in  theory,  there  will  still  be  found  a  necessity 
of  a  farther  adjustment  by  hand ;  because  proper 
allowance  must  be  made  for  the  diameters  of  the 
cat-gut  strings :  and  the  grooves  must  be  so  adjust- 
ed by  hand,  as,  that  in  t&  time  the  earth  is  moved 
once  round  the  sun,  the  moon  must  perform  12 
dynodical  revolutions  round  the  earth,  and  be  almost 
11  days  old  in  her  ISth  revolution.  The  inclined 
plane  with  its  nodes  must  go  once  round  backward 
through  all  the  signs  and  degrees  of  the  small  eclip- 
tic in  18  annual  revolutions  of  the  earth,  and  225 
days  over.  And  the  apogee-phte  must  go  once 
round  forward,  so  as  its  iiidex  may  go  over  all  the 
signs  and  degrees  of  the  small  ecliptic  in  eight 
years  (or  so  many  annual  revolutions  of  the  earth) 
and  312  days  over* 

JSr.  B.  The  string  which  goes  round  the  grooves 
X  and  A",  for  the  moon's  motion,  must  cross  be- 
tween these  wheels ;  but  all  the  rest  of  the  strings 
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go  in  iheir  i-espcctiie  grooves,  JAfk,  O, 
^viUiout  crossiiiff. 
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400.     The  CoMETAHiuM.     Tlutt  curious  tnaj 
*■  chine  shews  the  motion  of"  a  comet,  or  cccentr 
body  moving  round  ihe  Sun,  describing  ctjual  & 
in  tc)uai  times,  ^  152,  and  may  be  so  contrived  9 
to  shew  huch  a  mouon  for  anj'  degree  of  ecct 
iricity.     It  was  invented  by  the  late  Dr.  Dssac 

LIKltS. 

The  dark  elliptical  groove  round  the    letlcEtH 
ahcdefghiHtn  is  the  orbit  of  tlic  comet    1*.-  this, 
comet  is  carried  round  in  the  groove,  according  ta  ■ 
'■  the  order  of  letters,  by  the  « ire  /^  fixed  in  the  ^ 
S,  and  slides  on  the  wire  as  it  approaches  nea, 
to,  or  recedes  farther  from,  the  sun ;  being  nearest 
of  all  in  the  |)eriIieIion  a,  and  Ihrthest  in  ilie  apl1f^■ 
lion  g.    The  areas  13.?/;,  bSc,  cSd,  6ic.  or  conten^l 
of  these  sc\'eral  triangles,  arc  all  c(|ual :  and  in  evctj 
turn  of  the  winch  jV,  the  comet  1'  is  rarricd  0 
one  of  these  areas :   consequently,  in  as  much  time 
as  it  moves  from  f  to  g^  or  from  g  to  A,  it  movct 
from  m  to  a,  or  from  a  to  b:  and  so  of  ihe  rest, 
being  quickest  of  all  at  a,  and  slotvcst  at  g.     Thu« 
the  comet's  velocity  in  its  orbit  continually  decrease! 
from  the  perihelion  a  to  the  aphelion  g ;  and  increases  J 
in  the  same  proportion  from  g  to  a. 

The  clliptiatl  orbit  b  divided  into  12  equal  pari 
or  signs,  witli  Uieir  respective  degrees,  and  so  i 
the  circle  nopgrsttt,  which  represents  a  great  circl 
in  the  heavens,  and  to  which  the  cornel's  motion  t 
referred  by  a  small  knob  on  the  point  of  the  wii 
/F.  While  the  comet  moves  from  ,/'  lo  |r  in  i 
orbit,  it  appears  to  move  only  about  5  degrees  il 
this  circle,  as  is  shewn  by  \he  small  knob  on  thi 
cjid  of  the  wire  ff;  but  in  the  like  lime,  ns  1' 
comet  moves  from  m  to  a,  or  from  a  to  6.  it  j; 
to  describe  the  largi^  space  tn  or  tio  in  the  he 
either  ol  which  spaces  contains  1 20  degrees,  or  four 
sigTis.     Were  tire  eccentricity  of  its  orbit  greater. 
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tlie  greater  still  would  be  tfie  difference  of  its 
motion,  and  vice  versa. 

ABCDEFGUIKLAIA  is  a  circular  orbit  for  . 
shewing  the  equal  motion  of  a  body  round  the  sun 
iS*,  describing  equal  areas  ASB^  BSC^  &c.  in  equal 
times  with  those  of  the  body  Y  in  its  elliptical  orbit, 
above  mentioned »  but  with  this  difference,  that  the 
circular  motion  describes  the  equal  arcs  AB^  BCj 
&c.  in  the  same  equal  times  that  the  elliptical  mo- 
tion describes  the  unequal  arcs  aby  bc^  &c. 

Now,  suppose  the  two  bodies  Fand  1  to  start 
from  the  points  a  and  A  at  the  same  moment  of 
time,  and  each  having  gone  roimd  its  respective 
orbit,  to  arrive  at  these  points  again  at  the  same 
instant,  the  body  Y  will  be  forwarder  in  its  orbit 
than  the  body  1  all  the  way  from  a  to  g^  and  from 
^  to  G;  but  1  will  l^e  forwarder  tlian  Y  through 
all  tlie  other  lialf  of  the  orbit ;  and  the  difference  is 
eciual  to  the  equation  of  the  body  Fin  its  orbit. 
At  tlie  points  a,  A^  and  gj  G,  that  is  in  the  perihe- 
lion and  aphelion,  they  will  be  equal ;  and  then  the 
equation  vanishes.  This  sliews  whv  the  equation 
of  a  body  moving  in  an  elliptic  orbit,  is  added  to 
the  mean  or  supposed-circular  motion,  from  the 
perihelion  to  the  aphelion ;  and  subtracted,  from  tlie 
aphelion  to  the  perihelion,  in  bodies  moving  round 
die  Sun,  or  from  the  perigee  to  the  apogee,  and 
firom  the  apogee  to  the  perigee,  in  the  Moon's 
motion  round  the  Earth,  according  to  the  precepts 
in  the  S53d  article ;  only  we  are.  to  consider,  that 
when  motion  is  turned  into  time,  it  reverses  the 
tides  in  the  table  of  The  MoonPs  elliptic  Equation. 

This  motion  is  performed  in  the  following  man-  pi^^^  jy 
ner  by  the  machine.  ABC  is  a  wooden  bar  (in  the  Fi^.  v. 
box  containing  the  wheel-work),  above  which  arc 
the  wheels  /)  and  E  ;  and  below  it  the  elliptic  plates 
i'Y''and  GG ;  each*  plate  l^ing  fixed  on  an  axis  in 
one  of  its  focuses,  at  E  and  A"'.-  and  the  u  heel  E  is 
fixed  on  the  same  axis  with  the  plitc  FF.    These 
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plales  have  grooves  round  their  edges  precisely  qfJ 
equal  dijmciers  to  one  anoiher,  und  in  tllt-se  grouvd 
is  tlie  cat'gut  strings  gg,  gg,  cro^stnt;  Ixrtii  ccn  til 
plates  at  h.  Oii^(ttie  axis  of  tlie  hiiiidlc  or  vvindL 
A* in  Fig,  4tli)  is  an  endless  screw  in  Fig.  5,  hoi^t. 
ing  in  tlie  wheels  JJ  and  E,  whose  numbtrs  of  itelilj  ^ 
being  equal,  and  should  be  «jual  to  ihe  numlxT  (;"  ' 
lines  aS,  bS,  cS,  Etc,  in  Fig,  4,  ihey  turn  routu 
their  axes  in  equal  times  to  one  another,  ojid  lo  tli 
motion  of  the  elliptic  plates.  For  llic  tthti.l3  D  aiU 
E  having  an  equal  number  of  t&^rh,  ihf  plate  Fjt 
being  iised  on  the  same  axis  uiih  the  wheel  j^ 
and  the  plate  FF  turning  the  equuli) "large  platt 
GG,  br  a  cat-gut  string  round  iJitm  botJj,  tlie 
must  all  go  round  their  axes  'm  as  roaiiy  turns  < 
llif  handle  A"  as  either  of  tlie  nlieels  hab  icelh. 

It  is  easy  to  see,  that  the  end  h  of  tiic  tUiptii 
plate  FF  bting  farther  from  its  axis  K  tUau  t 
opposite  end  -i  is,  must  dcsciibe  n  circle  so  mud 
the  ku'ger  in  proportion;  and  niusti  lliercfofc  moin 
tlirough  so  much  more  space  in  the  suniv  time;  and 
for  diat  reason  the  end  h  inoics  so  much  \ 
tliun  the  end  i,  although  it  goes  no  sooner  roum^ 
the  centi-e  E.     But  then,  the  quick-moving  end  A  ■ 
of  the  plate  FF  leads  about  die  sliort  end  hA'of 
the  plate  OG  with  the  same  velocity ;  and  the  alow- 
moving  end  i  of  the  plate  /'/''eouting  hali'  rouiidi' 
as  to  B,  must  then  lead  the  long  end  /.■  of  the  pUia 
GG  as  slowly  about.    So  that  the  ellipiical  plaiqij 
FF  and  it  axis  E  move  uniformly  and  equalltf 
quick   in  every  part  of  its  revolution ;   but  t'  " 
elliptical  plate  GG,  together  with  its  axis  jT,  t 
move  rcry  unequally  in  different  p^irls  of  its  rcvti 
lution ;  the  difference  being  alwayb  iniorsely  as  tlu 
distance  of  any  points  of  the  circumference  of  GQ 
trom  its  axis  at  X:  or  in  oilier  words,  to  u^ 
htance  in  two  points  ;  if  the  distance  A7-,  be  four^ 
five,  or  six  times  as  great  as  the  <lij,iancc  Xfi,  tl^ 
point/;  will  move  la  tliat  position  four,  five,  or  a 
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times  as  fast  as  the  point  Jc  does ;  when  the  plate 
GG  has  gone  Jialf  round :  and  so  on  for  any  other 
eccen^icity  or  ^ifierence  of  nhe  distances  Kk  and 
Kh.  The  tooth  f  on  tl)e  plate  FF  falls  in  between 
the  two  teeth  at  ^  on  the  pl^e  GG^  by  which  means 
the  revobition  of  the  latter  is  so  adjusted  to  that 
of  the  former,  that  they  can  never  vary  from  one 
another. 

On  the  top  of  the  axis  of  the  equallv-moving 
wheel  2),  in  Fig.  5th,  is  the  sun  S  in  f*ig.  4th ; 
which  sun,  by  tlie  wiie  ^  fixed  to  it,  carries  the 
ball  1  round  the -circle  jiBCD^hc.  with  an  equa- 
ble motion  according  to  tj^ic  ovder  of  the  letleirs ; 
and  on  the  top  of  the  axis  £^of  the  unequallVi^mov^ 
ing  ellipsis  GQr  in  Fig;.  5th,  is  the  sun  Sin  Fig. 
4th,  carrying  the  ball  F unequally  round  in  the  ellip- 
tical  groove  ubcd^  fee.  A*.  Jj  This  elliptical  groove 
must  be  precisely  equal  and  similar  to  the  vei^  of 
the  plate  GG^  which  is  also  equal  to  that  of  Fp. 

hi  «this  manner,  machines  may  be  made  to  shew 
the  truemotioQ  of  the  Moon  about  the  Earth,  oro^ 
any  planet  about  the  Sun;  by  making  the  jelliptical' 
plates  of  the  same  eceentrioities,  in  proponion  to 
the  radius,  as  the  orbits  of  the  planets  are  whose 
motions  they  represent ;  and  so,  their  different  equa- 
tions,  in  di&rent  parts  of  their  orbits,  may  be  made 
plain  to  the  sight :  and  clearer  ideas  of.  these  motions 
and  equations  will  be  acquired  in  half  an  hour,  than 
could  be  gained  from  reading  half  a  day  about  them. 

401.  Ihe  Improv£.d  Celestial  OxoBjB.  OnThcim- 
thetiorth  pole  of  the  axis,  above  the  liour.circle,^''®'®^^*" 
is  fixed  «i  arch. ^AW of  23^  degrees;  and  at  the  gIo^be/' 
end  //^  is  fixed  an  upright  pin  HG^  which  stands 
directly  over  the  north  pole  of  the  ecliptic,  and  per- 
pendicular to  that  part  of  the  surilice  of  the  globe. 
On  this  pin  are  two  moveable  collets  at  Z)  and  //,  piate  ijti! 
to  which,  are  fixed  the  quadrantal  wires  .V  and  Oy  ^'^K-  J^^* 
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having  two  litile  balls  on  their  ends  for  the  sun  a 
moon,  as  in  the  figure.  The  collet  fJ  is  fixed  t 
the  circular  plate  J'\  on  w  liich  the  29|  days  of  thi 
Moon's  age  are  engra\cn,  beginning  jubt  under  thi 
sun's  wire  .V;  and  as  this  wire  is  mo\ed  round  th 
i*lobc,  the  plate  /''  turns  round  with  it.  These  wire 
are  easilj-  turned,  if  the  screw  G  be  slackened ; 
ivhen  they  are  set  to  their  proper  places,  the  sc 
ser^-es  to  fix  them  there  ;  so  that  «hL-n  the  globe  ii 
turned,  die  wires  «ith  tlie  sun  and  moon  may  i 
round  widi  it ;  and  these  two  litde  bulls  rise  nnd  a 
at  llie  same  times,  and  on  the  same  points  oi'  I 
liorizon,  for  the  day  to  whicli  they  arc  rectified, 
die  Sun  and  Moon  do  in  the  heavens. 

Because  the  IVloon  keeps  not  her  course  in  tlic 
ecliptic  (as  the  Sun  appears  to  do)  but  lias  a  dccU< 
nation  of  5 j  degrees,  on  each  side,  from  it  in  eveij 
lunaiion,  ^  3 17,  her  ball  may  be  screwed  as  man 
degrees  to  cither  side  of  the  ecliptic  as  her  latitudi 
or  declination  from  the  ecliptic,  amounts  to,  iit  a 
given  time;  and  for  this  purpose  S  is  a  small  pi« 
of  pasteboard,  of  wliich  tlie  cunx'd  edge  at  5  is  ll 
be  set  upon  the  globe,  at  right  angles  to  the  ccliptii 
and  the  dark  line  over  S  to  stand  upright  upon  ^ 
From  this  line,  on  the  convex  edge,  are  cVawn  thi 
f)^  degrees  of  the  Moon's  laliliide  on  bodi  sides  a 
the  ecliptic  ;  and  when  this  piece  is  set  upright  a 
ihc  globe,  its  gnidualed  edge  reaches  to  ibe  mo 
on  the  wire  0,  by  which  means  she  is  easily  adju: 
ed  lo  her  latitude  found  by  an  ephcmcris. 

The  horizon  is  supported  by  tuo  sendcircul. 
arches,  because  pillars  ivould  stop  the  progress  a 
the  balls,  \(hcu  they  go  below  the  horizon  in  i 
oblique  sphere. 
y  To  rectify  t/ih  ^loOr.  Klevatc  die  pole  lo  ll 
latitiKle  of  the  pluw-:  then  bring  the  Sun's  pLi 
'in  the  ecliptic  for  the  given  day  to  the  brass  mei 
dian,  and  bet  the  hour- index  to  XII  at  noon,  that  ii 
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to  the  upper  XII  on  tlic  hour-circle,  keeping  the 
globe  in  that  situation ;  slacken  the  screw  G,  and 
set  tlic  sun  dircctlj-  ovei"  his  place  on  the  meridian ; 
which  being  done,  set  the  moon's  wire  under  the 
number  that  expresses  her  age  for  that  day  on  the 
plate  F,  and  she  ivill  tlKii  stand  over  her  place  in 
the  ecliptic,  and  shew  «'hat  constellation  she  is  in. 
Lastly,  fasten  the  screw  G,  and  laying  the  cun-ed 
edge  of  the  pasteboard  iS'over  the  ecliptic,  below  the 
moon,  adjust  the  moon  to  her  Uitiiude  over  the  gra- 
duated edg;e  of  the  pasteboard ;  and  the  globe  will 
be  rectified. 

Havinglhusrcctified  the  globe,  turn  it  round.andiwuit. 
observe  on  wliat  points  of  liie  horizon  the  sun  and 
moon  balls  rise  and  set,  for  these  agree  with  the 
[MJints  of  the  compass  on  which  the  Sun  and  Moon 
rise  and  set  in  the  heavens  on  the  given  day  :  and 
the  hour-index  shews  the  times  of  their  rising  and 
setting ;  and  likewise  llie  time  of  the  Moon's  pass, 
ing  over  die  meridian. 

This  simple  apparatus  shews  all  the  varieties  that 
can  happen  in  the  rising  and  setting  of  the  Sun  aod 
Moon ;  and  makes  the  fbrcmenlioned  phenomena  of 
tlie  harvest-moon  (Chap,  xvi.)  plain  lo  the  eye.  It 
is  also  very  useful  in  reading  lectures  on  the  globes, 
because  a  large  com|)aiiy  can  see  this  sim  and  moon 
go  round,  rising  above  and  setting  below  Uie  hori- 
zon at  different  times,  according  to  the  seasons  of 
the  year;  and  m:»kiiig  their  appulses  to  different 
tixed  stars.  But  in  the  usual  way,  where  there  is 
(Mily  tfje  places  of  the  Sun  and  Moofi  in  the  ecliptic 
to  keep  the  eye  upon,  they  arc  easily  lost  sight  of, 
unless  they  be  covered  widi  patches. 

4.02.  The  Plane TAity  Globss.     In  this  ma- The  Pi*. 
krhinc,  T'isaterrei.trial  globe  iixed  on  its  axis  stand- ^■'*"' 
ing  upright  on  the  pedestal  CDE,  on  which  is  vafian 
hour-circle,  having  its  index  fixed  on  tlie  axis,  ^^": 
whicli  (urns  somewhat  tighUy  in  (he  pedestal,  so  ''' 
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that  the  globe  may  not  be  liable  to  shake:  to  pre- 
vent wlitch,  the  ptdeslal  is  about  two  incliCH  thiek, 
and  the  asis  s^cs  quite  lliroiigh  it,  bcuring  on  a 
slioulder.  'I'he  globe  is  hung  in  a  graduated  brazen 
meridian  much  in  the  usii;il  way  ;  and  ihc  thin  plate 
A",  A"A',  E,  is  a  moveable  horizon,  graduated  round 
the  outer  edge,  for  shewing  the  bearings  and  ampli- 
tudes of  the  Sun,  Moon,  and  planets.    The  brazen 
miTidian  is  grooved  round  the  outer  edge  :  and  m 
this  groove  is  a  slentkr  semicircle  of  l)rass,  the  ends 
of  which  are  fixed  lo  the  horizon  in  its  north  and 
south  points:  this  semicircle  slides  in  the  groove 
as  the  horizon  is  moved  in  rectifying  it  for  different 
talitudes.    To  the  middle  of  the  semicircle  is  fixed 
a  pin,  which  always  keeps  in  the  zenith  of  the  hori- 
zon, and  oi>  this  pbi,  the  quadrant  ofallitudej  turns; 
the  lower  end  of  which,  in  all  positions,  touches^  the 
horizon  as  it  is  moved  round  the  same.  This  quad- 
rant  is  divided  into  90  degrees  from  the  horizon  to 
the  zenith-pin  on  which  it  is  turned,  at  90.     The  i 
great  flat  circle  or  phle  ^B  is  the  ecUptie,  on  the 
outer  edge  of  which  tlie  signs  antl  degrees  are  laiCfl 
down ;  and  every  fifth  degree  is  drawn  through  ll 
rest  of  the  surface  of  this  plate  toward  its  centrtf  J 
On  this  plate  are  seven  grooves,  to  which  seven  Bltli 
balls  are  adjusted  by  sliding  wires,  sn  that  they  ar 
easily  moved  in  the  grooves  without  danger  of  start*! 
ing  out  of  them.  The  ball  next  the  terrestrial  globi 
is  the  moon,  the  next  without  it  is  Mercurj*,  thi 
next  Venus,  the  next  the  sun,  then  Mara,  then  Jupi' 
ter,  and  lastly  Saturn;  and  in  order  to  know  then 
they  are  separately  stampt  w  ith  the  following  c 
ter-*;  •,  5,  9,  o,  3,  ji,  ij.   This  plate  or eclijl 
tic  is  supported  by  four  strong  wires,  having  Uwi 
lower  ends  fixed  into  the  pedestal,  at  C,  D,  mA  Bjk 
the  fourth +"iii.^  hid  by  the  globe.     The  ecliptic  J 
inclined  23i  degrees  to  the  pedestal,  and  is  t'    " 
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r  properly  inclined  lo  the  axis  of  tlic  globe  wliich 
stands  upright  on  the  pedestal. 

7o  rectify  this  machvie.    Set  tlie  sun  and  all  the 
planetary  balls  to  the  geoctntric  places  in  tlie  cclip- 
tic  tor  any  given  lime,  by  an  cphemcris ;  tlien  ^t 
the  north  point  of  the  horizon  to  the  latitude  of  your  I 
ptuce  on  tjie  brazen  meridian,  and  ttie  qiiadriuit  of  j 
allitude  to  the  south  point  of  the  horizon  ;  which  ' 
done,  turn  the  globe  with  its  furniture  till  the  quad-  ■« 
rant  of  altitude  comes  right  against  the  Sun,  viz.  to  ( 
his  place  in  the  ecliptic  ;  and  keeping  it  tiiere,  set  1 
the  hour-index  to  the  XII  next  the  letter  C;  and  ] 
the  machine  will  be  rectified ,'  not  only  for  the  ibllow- 
e  problems,  but  for  several  otliers,  which  the  art-  ■ 
Fmay  easily  find  out.  i 

PROBLEISl  I. 

*  find  the  Amplitudes,  Meridian-Attitudes,  andK 
sl'itnes  of  rising,  cu/miiiatiiig,  and  setting,  oft/ufl 
"  11,  Moo",  arid  Planets, 

■  Turn  the  globe  round  eastward,  or  according  to  [«  oae. 
t  order  of  the  signs ;  and  when  the  eastern  edge  of 
B  horizon  comes  right  against  the  sun,  moon,  or 
p  planet,  the  hour-mdex  Vill  shew  the  time  of  its 
tng ;  and  tlie  inner  edge  of  the  ecliptic  will  cut  its 
■■ng-amplitude  in  the  horizon.  Turn  on,  and  when 
B  quadrant  of  altitude  comes  right  against  the  sun, 
ion,  or  any  planet,  the  ecliptic  will  cut  their  men-  | 
n-altitiules  on  the  cjuodmnt,  and  the  hour-index  | 
1  shew  Uie  times  of  their  coming  to  the  mciidian.  1 
bntinue  turning,  and  when  the  vvesteni  edge  of  the  1 
)rizon  comes  right  against  the  sun,  niooji,  or  any  J 
inct,  their  setting^amplitudes  will  be  cut  on  the  - 
^izon  by  the  ecliptic  ;  and  the  times  of  tlieir  set. 
f  will  be  shewn  bv  the  index  on  the  hour-circle. 
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PROBLEM  II. 

i'o^tiiuitlicAltUittlcnndJzimulhofthe  Sun,Moo 
niid  Planets,  at  ajiy  Time  of'  their  being  aloi 
the  Horizon. 

Turn  the  i^ilobc  ii!l  the  index  comes  to  the  glvc^ 
time  in  the  hour-circle ;  then  kec|)  the  globe  sttadyji 
and  moving  the  quadrant  of  altitude  to  each  plime 
respectively,  the  edge  of  the  ecliptic  will  cut  l" 
planet's  mean  altitude  on  the  quadrant,  aad  I 
quadrsnt  ivill  cut  the  planet's  azimulli,  or  point  a 
Iwaring  on  the  horizon. 


PROBLEM  IIL 

The  Sun's  Altitude  being  given  at  any  Time  etth 
before  or  after  S\^oo7i,  to  find  the  Hour  oft/ieDayA 
and  the  Fariation  of  the  Compass,  in  any  knm 
Latitude, 

With  one  hand  hold  tlie  edge  of  the  quadra 
right  against  the  s\in ;  and  with  the  other  hand,  tuml 
the  glohc  Mc&tward.if  it  be  in  the  forenoon,  or  cast- ■ 
ward  ifit  be  in  the  afternoon,  until  the  sun's  placeJ 
at  the  inner  edge  of  the  ecliptic  ruts  the  quadriol  mm 
the  sun's  observed  altitude,  and  then  tlie  hour-indexl 
will  point  out  the  time  of  the  day,  and  the  quadrant  J 
will  cut  the  true  azimuth  or  bearing  of  t?ie  sim  for 
that  time  :  the  difference  between  which,  and  l" 
bearing  shewn  by  the  azimuth-compass,  is  the  \ 
ation  of  the  compass  in  that  place  of  the  Earth, 
i-  403.  TKETnAjECTORiuMLuNAitE.  Thisn 
■  chine  is  for  deUneating  the  paths  of  the  Earth  i 
Moon,  shewing  what  son  of  curves  they  make  i 
the  ethereal  regions;  and  was  jubl  mentioned  I 


EAjKCTontuM  Lunabe  tlficribed. 

I  article.  S  is  the  sun,  and  £  the  cartli,  » 
Kose  centres  arc  8 1  inchcsdistaiitlrom  each  other; 
every  inch  answering  to  a  inillion  of  miles,  4  47. 
Af  is  the  moon,  whose  centre  is  ^  parts  of  an  inch 
from  the  earth's  in  this  machine,  this  being  in  just 
jiroponion  to  the  Moon's  distance  I'rom  the  Earth, 
jl  52.  .t.l  is  a  bar  oi'  wood,  to  be  moxed  by  hand 
round  the  axis  g,  vh\di  is  fixed  in  tlic  wheel  }. 
The  Eircunr.fereiice  ol  this  wheel  is  to  the  circum- 
fertncc  ol'  the  sni;iU  wheel  L,  (below  the  other  end 
of  lite  bar)  as  365J  diijs is  lo  '2^^;  or  as  a  )ear  is  to 
a  lunation.  The  wheels  are  giooved  round  their 
edges,  and  in  the  CTooves  is  the  cat-gut  string  (JG 
crossing  between  the  whecU  at  X,  On  the  axis  of 
the  wheel  L  is  die  index  J"";  in  which  is  fixed  the 
moon's  axis  Af  (or  carrj  ing  her  round  the  earth  Ji 
(fixed  on  the  axis  of  the  xvlietl  J,)  in  the  time  that 
the  index  goes  vgutwJ  a  circle  of  2y|  equal  parts, 
which  are-  the  days  of  the  Moon's  age.  The  whsti 
ybiis  the  months  and  days  of  the  year  all  round  its 
limb;  and  in  iltf\ii\r.4yi''is  fixed  the  index/,  wliich 
points  out  the  days  ol'  the  mondis  ansivering  to  the 
<lavs  of  the  moon's  age  she\\n  by  the  index  J',  in 
the  circle  of  2PJ  equal'  parts,  at  tlie  olhcr  end  oi"  the 
bar.  On  the  axis  of  the  wheel  A  is  put  the  piece 
/J  below  the  cock  C,  in  which  this  axis  turns  round; 
and  in  J}  are  put  t!ie  pencils  e  and  rn,  directly  under 
thr  cardi  J£  and  moon  Af;  so  that  m  is  cntried 
round  c,  as  iV/is  round  M. 

L;iy  the  machine  on  (in  even    floor,  prcsMng,,^, 
gently  on  the  whdcl  J,  to  cause  its  sjMkcd  feet  (of 
\vh(cii  t«o  appear  at  J'  and  J',  the  third  being  sup- 

fioscd  to  be  liid  I'rom  sight  by  the  wheel)  to  enter  a 
itlle  into  the  floor  to  secure  the  wheel  from  turning. 
'I'hcn  lay  a  paper  about  lour  feet  long  under  die 
pencils  r  an<!  m,  cross-ivisc  to  iKe  bar :  which  done 
move  the  Inr  slowly  round  the  axisj^-  of  the  \ihcrl 
i';  and,  as  llie  car'Ui  P.  goes  round  the  sun  S.  the 
Af  will  go  round  the  carih  with  a  duly  pro- 


The  Tide-Dial  oescriM. 

portioned  velocity ;  and  the  friction- wheel  /iP'run-- 
niiig  on  tlie  floor,  will  keep  tlie  bar  fi-om  beuring 
too  heavily  on  die  ptncih  c  uiid  m,  winch  will  de- 
lineate the  pudis  of  the  carlh  and  moon,  as  in  Fig. 
2d,  already  described  at  large,  J  266,  267.  As  tlic 
index  /points  ant  the  days  of  the  months,  the  in- 
dex F  shews  the  Mooii'h  age  on  these  dnjs  in  the 
circle  of  29^  ecjual  parts.  And  as  diis  last  index 
|X)ints  to  die  dilfcrcnt  days  in  its  circle,  ihe  like 
numeral  figures  may  be  set  lo  lliose  parib  of  tlx 
curves  of  the  earth's  path  sikI  moon's,  where  die 
)>encils  t  and  m  are  at  diose  limes  respectively,  to 
hhew  die  places  of  the  eartji  and  moon,  il'  the  pen- 
cil e  be  pushed  a  verj'  little  ofi',  ^s  if  Irom  the  pencil 
m,  to  about  ^  part  of  their  distance,  and  the  pencil 
m  pushed  as  mudi  toward  e  to  britig  thvm  to  die 
-same  distance  again,  though  not  to  the  same  pomts 
oi"  space  \  then  as  m  goes  round  c,  e  will  go  as  it 
were  round  the  centrt  of  gravity  between  the  e^trth 
e  and  moon  m,  )  298 :  but  dds  motion  will  not 
sensibly  alter  the  figure  of  the  earUt's  path  or  the , 
moon's. 

If  a  pin,  as^,  be  put  through  die  pencil  m,  wiUi 

itslicad  toward  that  of  the  pin  fin  die  ix-ncil  c,  the 

head  of  tlie  fuinu'r  will  always  keep  to  the  head  of 

the  laller  as  m  goes  round  c,  and  shews  that  the 

same  side  of  the  Moon  is  coniiTiuaily  tiinicd  to  the 

Karth.  But  tlic  pin/i,  which  maj  be  eojisidered  as 

an  eqtialori.il  di^mcTcr  of  tiie  moon  will  turn  quite 

^        round  the  point  m,  inakirig  nil  posriiUt.'  angles  \\il\\ 

llie  line  of  iXa  progress,  or  line  of  the  ntoun's  pallu 

This  is  an  ocular  proof  of  die  Moon's  turning  round 

her  axis. 

TiieTiDE-     404.  The  Tide-Dial.     The  outside  jwrts  of 

^'*"--      this  machine  consist  of,  1.  -An  eighl-sided  box,  on 

I'lK.  VII.  die  top,  of  n'liich  at  the  corners  is  shewn  the  plutses  | 

of  the  Moon  at  Uie  ocUims,  quarters,  and  fuU. 

Within  these  is  a  circle  of  29J  equal  parts,  which  ' 

are  the  days  of  ihe  Moon's  age  accounted  irom  die 

Sun  at  new  Moon,  round  to  the  Sun  again.  Within 
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this  circle  is  one  of  24  hours  divided  into  their  re- 
speclivc  halves  ami  qiiariers.  2.  A  moving  ellipti- 
cal  plate,  paiiited  blue,  to  represent  the  rising  of 
the  tides  under  and  opposite  to  the  Moon ;  and  hav- 
ing  Ihf  words,  High  IFater,  Tide  Falling,  Low 
H'ater,  'fide  Risings  marked  upon  it.  To  one 
end  of  this  plate  is  hxcd  the  tnoon  M,  by  the  wire 
W,  and  goes  along  with  it.  3.  Above  this  ellipti- 
cal plate  is  «  round  one,  with  the  points  of  the  com- 
pass upon  it,  and  also  the  names  of  abovt?  200  places 
in  the  Ui^  machine  (but  only  32  in  iUl-  figun;,  to 
avoid  confusion)  set  over  those  points  on  which  the 
Moon  bears  when  she  raises  the  tides  to  the  great- 
est heights,  at  these  places,  twice  in  e\  ery  lunar  day : 
and  to  the  north  and  south  points  of  this  plate  arc 
fixed  two  indexes,  /  and  K,  which  shew  tlie  limes 
of  high  water,  in  the  hour-circle,  at  all  these  places. 
4.  Uelow  the  elliptical  plate  are  lour  small  plates, 
two  of  which  pi-oject  out  from  belo\v  its  ends  at 
new  and  full  Moon ;  and  so,  bj'  lengthening  the 
ellipse,  shew  the  spring-tides,  which  are  then  raised 
to  the  greatest  lieights  by  the  united  attractions  of 
the  Sun  and  Moon,  J  302.  The  other  two  of  these  in  u, 
small  plates  appear  at  low  water  ivlien  the  Moon  is 
in  her  qundralures,  or  ut  the  ssides  of  the  elliptical 
plate  to  shew  the  neap-tides;  the  Sun  and  Moon 
then  acting  cross-wise  to  each  other.  WJicn  any 
two  of  ihcTsc  small  plates  appear,  the  other  two  arc 
hid ;  and  when  the  Moon  is  in  her  octants,  they  all 
disappear,  there  bchig  neither  spring  nor  neap, 
tideb  at  those  times.  Within  the  box  are  a  few 
wltecls  for  performing  tlicse  motions  by  the  handle 
or  winch  // 

Turn  the  handle  until  the  moon  M  comes  to 
any  given  day  of  her  age  in  the  circle  of  29|  equal 
parts,  and  the  moon's  wire  ff^,  will  cut  the  time 
of  her  coming  to  the  meridian  on  tliat  day,  in  tlic 
hour  circle;  the  XII  under  the  sun  being  mid-day, 
and  the  opposite  XIl  midnight;  then  looking  for 
the  name  of  any  given  place  on  the  roimd  plate 
3  M 
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(wliich  makes  29j  rotations  wluie  llie  moon  At 
makes  only  one  revolution  i'rom  tlie  iun  to  the  sua  \ 
;igain)  turn  die  h:indlc  till  that  place  cumes  lo  the  i 
word  Ili^/i  ff-'atcr  under  ilic  moon,  and  tJie  index,  j 
which  fiiUs  among  the  fortnoon-iiours  \\'\\\  shew  t' 
time  of  high  wutcr  ut  that  place  in  tlic  forenoon  qfl 
the  given  day  :  then  turn  tihi;  plate  half  round, 
the  same  place  conies  to  the  opposite  high-^\'atct 
mark,  and  the  index  vill  shew  the  time  of  hid 
^\'ater  in  the  afternoon  at  that  place.     And  thus, 
all  the  diffcrctit  places  come  successively  under  a 
opposite  to  the  maon,  the  indexes  shew  iJic  limes  ' 
of  high  water  at  them  in  Ijolh  parts  of  the  daj:  and 
when  the  same  places  come  to  llie  lnw-\valer.mark5,J 
the  indexes  bhew  tlie  times  of  low  ivatcr.  For  abc 
three  days  before  and  after  tlic  times  of  new  and  futf 
Moon,  the  livo  snjall  plates  come  out  a  Utdc  \vaS 
from  below  the  high- water- marks  on  the  elliptici 
plate,  to  shew  that  tlic  tides  rise  still  higher  aboili 
these  times ;  and  about  the  quarters,  tlie  other  \vi " 
plates  come  out  a  little  from  under  the  lotv-wata 
marks  toward  the  sun  and  on  die  ojjposite  stdl 
shewing  that  the   tides  ol'  flood  rise  not  then  g 
high,  nor  do  the  tides  of  ebb  i'all  so  low,  33  at  c 
limes. 

By  pulling  the  handle  a  little  way  outward, 
is  distn^ged  from  the  wheel  ii'oik,  and  then  thcl 
upper  plate  may  be  turned  round  quickly  by  hand» 
bo  iliat  the  moon  may  thus  be  brought  to  any  giien.  J 
day  of  her  age  in  about  a  quarter  of  a  minute :  ar"" 
by  pusliing  in  the  handle,  it  takes  hold  of  the  wh« 
work  again. 

TiiemsLdo     On  ^W,  the  axis  of  tlic  handle  //,  is  an  C 

work  ae-  screw  C,  which  turns  the  wheel  FJiD  of  24  lecth  1 
*"'  *  "     round  in  24  resolutions  of  the  handle:  this  wlicclj 

Uims  another  OJVG,  of  48  teeth,  and  on  its  : 
Fiauis.  is  the  pinion  FQ  of  four  leaves,  which  turns  I 
FiR,  viw.  wheel  LKf  of  59   teeth  round  in  2y,  turnings  ( 
rotations  of  the  ivlieel  FED,  or  in  708  revolul 
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lions  of  the  handle,  which  is  ihc  number  of  hours 
in  a  sj-nodical  rc\'olution  of  the  Moon.  'I'he  round 
plate  with  the  names  of  places  upon  it  is  fixed  on 
the  axis  of  the  wheel  FED;  and  the  cUiptical  or 
tide-pbte  widt  the  moon  fixed  to  it  is  upon  the  axis 
of  the  wheel  LKI;  consequendy,  the  former  maltcs 
■  29j  revolutions  in  the  time  that  the  latter  makes 
one.  The  whole  wheel  FED,  nith  the  endless 
screw  C,  and  dotted  part  of  the  axis  of  the  handle 
AJi,  together  with  the  dotted  part  of  the  wheel 
ONG,  lie  hid  below  the  large  wheel  LKI. 

Fig.  IXth  represents  the  under  side  of  the  ellip- 
tical or  tide-piatc  nicf/,  with  the  four  small  plates 
AJiCD,  EFGH,  IKLM,  JVOPQ,  upon  it:  each 
of  which  has  two  slits,  as  T7\  SS,  Jilt,  UU,  slid- 
ing on  two  pins,  as  /m,  fixed  in  the  elliptical  plate. 
In  the  four  small  plates  are  fixed  four  pins,  at  /^, 
A',  F",  and  7.:  all  ol  which  work  In  an  elliptic  groove 
iimo  on  the  cover  of  the  box  below  the  elliptical 
plate  ;  the  longest  axis  of  this  groove  being  in  a  right 
line  with  the  sun  and  full  moon.  Consequently, 
when  the  moon  is  in  conjunction  or  opposition, 
the  pins  JVzwA  A'thrust  out  the  plates  ^tfC*/)  and 
IKLMa.  little  beyond  die  ends  of  the  elliptical  plate 
at  rf  and  h,  to  y  and  e;  while  the  pins  J'and  Z 
draw  in  the  plates  EFGH and  .VO-PQ  quite  under 
the  elliptic  plate  to  ^  and  /i.  Bui,  when  the  moon 
comes  to  her  first  or  third  quarter,  the  elliptic  plate 
lies  across  the  fixed  elliptic  groove  in  which  ihe 
pins  work;  and  therefore  the  cnd-plules  AJiCD 
and  IKLM are  drawn  in  litlow  the  great  pbte,  and 
the  other  two  plates  EFGJl  and  jXOFQ  are  tlirust 
out  lM;yoml  ii  to  «  and  t\  When  the  moon  is  in 
her  octants,  the  pins  F,  A',  } ',  vJ  are  in  the  parts 
0,  0,  0,  0  of  the  elliptic  groove,  u  hieh  jiarts  are  at  a 
mean  between  the  gi-eatest  ancl  least  distances  from 
the  centre  y,  and  then  all  the  four  smnll  pUnes  di-i. 
appear,  being  hiil  by  the  great  one. 
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405.  The  Eclipsabeos.     This  piece  of  me- 
chanism exhibits  the  time,  quantity,  duration,  and 
progress  of  soLir  eclipses,  at  all  parts  of  the  Karth. 
The  principal  parts  of  this  machine  are,  I.  A 
terrestrial  globe  .7,  turned  round  its  axis  B,  l)y  the 
handle  or  winch  J/;  the  axis  B  inclines  23J  de- 
grees, and  has  an  index  which  goes  round  the 
hour-circle  D  in  each  rotation  of  the  globe.     2.J 
A  circular  plate  E,   on  the  limb  of  which  I 
months  and  days  of  the  year  are  inserted.     Th 
plate  supports  the  globe,  and  gives  its  axis  1 
same  position  to  the  Sun,  or  to  a  candle  properly 
placed,  that  the  Earth's  axis  has  to  die  Sun  upon 
any  day  of  tlie  year,  ^  338,  by  turning  (he  platCj 
till  the  given  day  of  the  month  comes  to  the  fixec' 
pointer,  or  annual  index  G,     3.  A  crooked  wirt 
/',  which  points  toward  the  middle  of  the  Earth's  ' 
enlightened  disc  at  all  times,  and  shews  to  what 
place  of  the  Earth  the  Sun  is  vertical  at  any  given 
time.     4.  A  penumbra,  or  thin  circular  phite  (" 
brass  /,  divided  into  12  digits  by  12  concentij 
circles,  which  represent  a  section  of  ihc  Mood4 
penumbra,  and  is  proportioned  to  the  size  of  t' 
globe ;  so  that  the  shadow  of  this  pbte,  fonncd  1: 
the  Sun  or  a  candle  placed  at  a  convenient  dlstanci 
with  its  rays  transmitted  dirougli  a  eonvc_'^  lens  \ 
make  them  fall  parallel  on  the  globe,  covers  exactljrS 
all  Uiose  places  upon  it  that  the  Moon's  abadow^ 
and  penumbra  do  on  the  Earth  ;  so  that  the  phcn> 
umena  of  any  solar  eclipse  may  be  shewn  by  this 
macliine  with  candle-light  almost  as  well  as  by  the 
light  of  the  Sun.     5.  An  upright  frame  UHUH, 
on  the  sides  of  which  are  scales  of  the  Moon's  lad- J 
■  tudc  or  declinalion  from  the  cclipile.     To  tho " 
scales  are  fitted  two  sliders  if  and  K,  viith  index< 
for  adjusting  the  penumbra's  centre  to  the  Moaik'iJI 
latitude,  as  it  is  north  or  south  ascending  or  d 
scciiding.     6.  A    solar  horizon   C,  dividing  J 
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enlightened  hemisphere  of  the  globe  from  that 
which  is  in  the  dark  at  any  given  time,  and  shew- 
ing  at  what  places  the  general  eclipse  begins  and 
ends  with  the  rising  or  setting  Sun.  7.  A  handle 
M^  which  turns  the  globe  round  its  axis  by  wheel- 
work,  and  at  the  same  time  moves  the  penumbra 
across  the  fiame  by  threads  over  the  pulleys  i,  Z#,  -L, 
with  a  velocity  duly  proportioned  to  that  of  the 
Moon's  shadow  over  the  Earth,  as  the  earth  turns 
on  its  axis.  And  as  the  Moon's  motion  is  quicker 
or  slower  according  to  her  different  distances  from 
the  Earth,  the  penumbral  motion  is  easily  regulated 
in  the  machine  by  changing  one  of  the  pulleys. 

To  rectify  the  machine  for  use.  The  true  time  To  rectify 
of  new  Moon  and  her  latitude  being  known  by  the  *^ 
foregoing  precepts,  §  353,  et  seq.  if  her  latitude 
exc^d  the  number  of  minutes  or  divisions  on  the 
scales  (which  are  on  the  side  of  the  frame  hid  from 
view  in  the  figure  of  the  machine)  there  can  be  no 
eclipse  of  the  Sun  at  that  conjunction ;  but  if  it  do 
not,  the  Sun  will  be  eclipsed  to  some  places  of  the 
Earth ;  and,  to  shew  the  times  and  various  appear- 
ances  of  the  eclipse  at  those  places,  proceed  in  order 
as  follows. 

7b  rectify  the  machine  for  performing  by  the 
Hght  of  the  Sun.  1.  Move  the  sliders  K,  I^iWl  their 
indexes  point  to  the  Moon's  latitude  on  the  scales, 
as  it  is  north  or  south  ascending  or  descending,  at 
that  time.  2.  Turn  the  month-plate  E  till  the  day 
of  the  riven  new  Moon  comes  to  the  annual  index 
G.  3.  Unscrew  the  collar  A^a  little  on  the  axis  of 
the  handle,  to  loosen  the  contiguous  socket  on 
which  the  threads  that  move  the  penumbra  are 
wound,  and  set  the  penumbra  by  hand  till  its 
centre  comes  to  the  perpendicular  thread  in  the 
middle  of  the  frame ;  which  thread  represents  the 
axis  of  the  ecliptic.  4.  Turn  the  handle  till  the 
meridian  of  London  on  the  globe  comes  just  under 
the  point  of  the  crooked  wire  F;  then  stop,  and 
turn  the  hour-circle  D  by  hand .  till  XII  at  noon 
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comes  to  its  index,  and  set  the  penumbra's  middle- 
to  tV  thread.  5.  Turn  the  handle  till  the  lio<ir= 
index  points  to  the' time  of  new  Moon  in  tiic  circle 
D;  and  liolding  it  there,  screw  fast  the  colhr  .V, 
Lastly,  elevate  the  machine  till  the  Sun  slijncs 
through  the  sight-holes  in  the  small  upright  plal 
0,  O,  on  the  pedestal )  and  tlie  whole  machine  wi 
be  rectified. 

To  rectify  the  machine  for  shewing  hy  candit 
light.  Proceed  in  cviiry  respect  a&  above,  except  ii 
thill  |)art  of  [lie  lust  paragraph  where  the  Sun  is  mei 
tioiied  ;  insiead  of  »hich,  place  a  candle  betbre  tbffj 
machine,  abdut  lour  yards  from    it,   so  that 
shadow  of  intersection  of  the  cross  threads  in  the 
middle  of  tiic  frame  may  fall  precisely  on  that  j»rt 
of  the  globe  to  ivhich  the  crooked  wire  F  points ; 
then,  with  a  pair  of  compasses,  lake  tiie  distance 
Ijcuveen  ilie  penumbra's  centre  and  intersection 
the  threads ;  and  ctjiial  to  that  distimee  set  the  can. 
die  higher  or  lower,  as  the  penumbra's  centre 
abtjve  or  below  the  ssiid  intersection.    Lastly,  pi 
a  large  convex  lens  between  the  machine  and  c^wllei 
so  as  that  the  candle  m:iy  lie  in  the  locus  of  the  1< 
and  then  the  rays  will  fall  parallel,  and  csist  a  stron] 
liglit  on  the  globe. 

ThcbC  things  being  done,  (aud  [hey  may  be  doncj 
sooner  than  iht-y  can  be  expressed)  turn  the  handle 
Ijackward,  until  the  penumbra  almost  louclies  lh< 
side  ///''of  the  frame  ;  then  turning  gradual]^'  for- 
ward,  observe  the  following  phenomena.  1.  \Vliere 
llie  eastern  edge  of  the  shado%v  of  the  penumbral 
plate  /  first  touches  the  globe  at  the  solar  horizon : 
those  who  inhabit  the  corresponding  part  of  the 
Earth  see  the  eclipst;  begin  on  the  uppermost  edge 
of  the  Sun,  just  at  thetimeof  its  rising.  2^  In  that 
place  where  the  penumbra's  centre  first  touches  the 
globe,  the  inhabitants  Iiave  the  Sun  rising  upon 
ihcm  centrally  eclipsed.  3.  When  the  whole  penum- 
bra just  falls  upon  the  globe,  its  western  edge  at  the 
solar  horizon  touches  and  leaves  the  place  wherfrj 
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the  eclipse  ends  at  Sun- rise  on  the  lowermost  edge. 
Continue  turning ;  and,  4.  the  cross  lines  in  the 
centre  of  tlie  penumbra  will  go  over  all  those  places 
on  the  globe  where  the  Sun  is  centrally  eclipsed.  5. 
When  the  eastern  edge  of  the  shadow  touches  any 
place  of  the  globe,  tlie  eclipse  begins  there ;  when 
the  vertical  line  in  the  penumbra  comes  to  any  place, 
then  is  the  greatest  obscuration  at  that  place ;  a^d 
when  the  western  edge  of  the  penumbra  leaves  the 
place,  the  eclipse  ends  there ;  the  times  of  all  which 
are  shewn  on  the  hour-circle ;  and  from  the  begin- 
ning to  the  end,  the  shadows  of  the  concentric  pe- 
numbral  circles  shew  the  number  of  digits  eclipsed 
at  all  die  intermediate  times.  6.  When  the  eastern 
edge  of  the  penumbra  leaves  the  globe  at  the  solar 
horizon  C,  the  inhabitants  see  the  Sun  beginning  to 
be  eclipsed  on  his  lowermost  edge  at  its  setting. 
7.  Where  the  penumbra's  centre  leaves  the  globe, 
the  inhabitants  see  the  Sun  set  centrally  eclipsed. 
And  lasdy,  where  the  penumbra  is  wholly  depart- 
ing from  the  globe,  the  inhabitants  see  the  eclipse 
ending  on  the  uppermost  part  of  the  Sun's  edge,  at 
the  time  of  its  disappearing  in  the  horizon. 

JV.  B.  If  any  given  day  of  the  year  on  the  plate 
E  be  set  to  the  annual-index  6,  and  the  handle 
turned  till  the  meridian  of  any  place  comes  under 
the  point  of  the  crooked  wire,  and  dien  the  hourr 
circle  D  set  by  the  hand  till  XII  comes  to  its 
index ;  in  turning  the  globe  roimd  by  the  handle, 
when  the  said  place  touches  the  eastern  edge  of 
the  hoop  or  solar  horizon  C,  the  index  sheu  s  the 
time  of  Sun-setting  at  that  place ;  and  when  the 
place  is  just  coming  out  from  below  the  odier  edge 
of  the  hoop  C,  the  index  shews  the  time  when 
the  evening-twilight  ends  to  it.  When  the  place 
has  gone  through  the  dark  part^,  and  comes  about 
so  as  to  touch  under  the  l>ack  of  the  hoop  C\  on 
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the  other  side,  the  index  shews  the  time  when  the 
morning-twilight  begins ;  and  when  Ae  same  place 
is  just  coming  out  from  below  the  edge  of  the  hoop 
next  the  frame,  the  index  points  out  the  time  of 
Sun-rising*  And  thus,  the  times  of  the  Sun's  ris- 
sing  and  setting  are  shewn  at  all  places  in  one  rota- 
tion of  the  globe,  for  any  given  day  of  the  year :  and 
the  point  of  the  crooked  wire  ^  shews  all  the  places 
over  which  the  Sun  passes  vertically  on  that  day. 
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ARTICLE  I. 


Concerning  parallaxes y  and  their  use  in  gener^d. 

^  T^  HE*  approaching  transit  of  Venus  over  the 
X  ^un  ^^^  justly  engaged  the  attention  of  as* 
Ironouiers,  as  it  is  a  phenomenon  seldom  seen,  and 
as  the  parallaxes  of  the  Sun  and  planets,  and  their 
distances  from  one  another,  may  be  found  with 
greater  accuracy  by  it,  than  by  any  other  method 
yet  known* 

2.  The  parallax  of  the  Sun,  Moon,  or  any  planet^ 
is  the  distance  between  its  true  and  apparent  plaqe 
in  the  heavens.  The  true  place  of  any  celestial  ob* 
ject,  referred  to  the  starry  heaven,  is  that  in  which 
it  would  appear  if  seen  from  the  centre  of  the  Earth; 
the  apparent  place  is  that  in  which  it  appears  as  se^i 
from  the  Earth's  surface. 

To  explain  this,  \txABDHht  the  Earth  (Fig.  L 

of  Plate  XI v.).  C  its  centre,  M  the  Moon,  and 

ZXR  an  arc  x)f  the  starry  heaven.    To  an  observer 

at  C  (suroosing  the  Earth  to  be  transparent)  the 

«  Moon  Jf^wiU  appear  at  U^  which  is  her  true  place, 

*  The  whole  of  Ods  DiaaertatkD  was  published  b  the  bcfouibc 
dl  the  vear  1761,  before  the  time  of  dw  tranaiti  exoqK  the  7th  a&d 
ith  articka,  which  are  added  linoe  that  tioie. 
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:  same  ^^ 
r  at  u.         ' 


referred  to  the  starry  firroament :  but  at  the 
instant,  to  an  observer  at  Jt^  she  will  appear  at  «, 
below  her  true  place  among  the  stars. — The  angle 
AMC  is  called  the  Moon's  parallax,  and  is  equal  to 
the  opposite  angle  UMu,  whose  measure  is  the 
celesniu  arc  £^ii.— The  whole  canli  ib  but  a  point  if 
compared  with  its  distance  from  the  fixed  stars,  and 
tlierefore  we  consider  the  stars  as  having  no  paral- 
lax at  all. 

3-  The  nearer  the  object  is  to  the  horizon,  the 
greater  is  its  parallax  ;  the  nearer  it  is  to  the  zenith, 
3ie  less.  In  the  hofizoo  it  is  greatest  of  all ;  in  the 
zenith  it  is  nodiing. — TTius  let  ALt  be  the  sensible 
horizon  of  an  observer  at  A  ;  to  him  the  Moon  at 
Z.  is  in  the  horizon,  and  ha-  parallax  is  the  angle 
ALCt  under  which  the  Eartli's  semidiamcter  AC 
appears  as  seen  from  her-  'I'Ims  angle  is  called  (lie 
Moon's  horizontal  parallax,  and  is  equal  to  the  op- 
posite angle  TLty  whose  measure  is  the  arc  TV  ia 
the  stany  heaven.  As  the  Moon  rises  higher  and 
liighcr  to  the  points.  M,  N,  O,  P,  in  her  diurnal 
fourse,  die  parallactic  angles  I/Mu,  A'Ax,  Ym 
diminish,  and  so  do  the  arcs  Uu,  Xx,  Vff,  which 
■are  their  measures,  until  the  Moon  comes  to  P; 
and  then  she  appears  in  the  zenith  Z  without  arqr 
■parallax,  her  place  being  tlie  same  whether  it  be  seen 
from  A  on  the  Earth's  surface,  or  from  Cits  centre. 
4.  If  the  obser\-er  at  A  could  take  the  true  mca. 
sure  or  quantitj-  of  the  parallactic  angle  A-LC,  he 
might  by  that  means  find  the  Moon's  dtstaoce  from 
the  centre  of  tlie  Earth.  For,  in  the  plane' tri- 
angle  L.^C,  the  side  AC,  ■which  is  the  Earth' 
semidjameter,  the  angle  ALC,  which  is  the  Moon'  _ 
'horizontal  parallax,  and  the  right  angle  CAI*) 
would  be  given.  Therefore,  by  trigonometry,  w 
fte  tangent  of  the  parallactic  angle  .^ZC  is  to  ra- 
dius, so  is  tlie  Earth's  semidiamtttT  AC  to  the 
Moon's  distance  CX  from  the  Earth's  centre  C— 
But  because  we  consider  the  Earth's  semidiametcr 
as  unity,  and  the  logaritJim  of  unitj-  is  nothing,  sub- 
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tract  the  logariihmic  tangent  of  the  angle  A LC 
from  radius,  aiid  tlie  remainder  will  he  the  logarithm 
of  CX,  and  its  corresponding  iiumbtr  is  the  ntim- 
ber  ot"  semi -diameters  of  the  Kiirth  which  the  Moon 
is  distant  from  the  ICarth's  ccnlre. — Thus,  suppos- 
ing the  angle  ^ZC  of  the  Moon's  horizontal  paral- 
kx  to  be  57'  18", 

From  the  radius  -^  10-0000000 

Subtract  the  tangcntof  57'  18"        8.2219207 

And  there  will  remain  —  1.7780793 

vhich  is  the  logarithm  of  59.99,  the  number  of  semi- 
diameters  of  tJic  Earth  whicli  are  equal  to  the  Moon's 
distance  from  die  Earth's  centre.  Then,  59.99  be- 
ing multipli(.'d  by  3985,  the  number  of  miles  con- 
tained in  the  Earth's  semidiameter,  wiU  give  239060 
jnilts  for  the  Moon's  distance  from  the  centre  of  the 
£arth,  by  this  parallax. 

5.  But  the  true  quantity  of  the  Moon's  horizon- 
tal paraUix  cannot  be  accurately  determined  by  ob- 
serving the  Moon  in  the  horizon,  on  account  of  the 
inconstancy  of  Uxr  horizontal  refractions,  whicb  al- 
ways vary  according  to  the  state  of  the  atmosphere; 
and  at  a  me;m  rate,  elevate  the  Moon's  apparent 
place  near  the  horizon  half  as  much  as  her  parallax 
depresses  it.  Ajid  ihcrel'ore  to  have  her  par- 
allax more  accurate,  astronoraers  have  thought  of 
the  fotloM  ing  meihnd,  which  seems  to  be  a  very 
good  one,  but  haih  not  yet  bevn  put  in  practice. 

J^cl  two  observers  be  placed  under  the  same  me- 
ridianj  one  in  tlie  nortliem  hemisphere,  and  the 
other  in  the  southern,  at  such  a  distance  from  each 
other,  that  the  arc  of  the  celestial  meridian  included 
between  their  two  zenidis  may  be  at  least  80  or  90 
degrees.  Let  tach  observer  take  the  distance  of 
the  Moon's  centre  from  his  zenith,  by  means  of  an 
exceeding  good  instrument,  at  the  monient  ofher 
-fiaasingihe  meridian:  add  these  two  zenith- di<ttan- 
ces  oftlje  Moon  together,  and  their  excess  above  the 
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distance  between  the  Iwo  zeniths  will  be  the  distanq 
betivcen   the  \\\o  apparent  places  of  the 
Then,  as  the  sum  of  Ihe  natural  sines  of  the  two  z 
nilh-distances  of  the  Moon  is  to  radius,  so  is  t 
distance  bctMecn  her  two  apparent  places  to  her  boriJ 
soiital  parallax  :    which  being  found,  her  distanoel 
from  the  Earth's  centre  may  be  found  by  the  anrf- 
ogv  mentioned  in  J  4. 

Thus,  in  Fig.  2.  irt  VECQ,  be  the  Earth.  J/ the 
Moon,  and  Zbaz  an  arc  ol  the  cekstial  mendia]]. 
Let  ^be  Fiemm,  whose  latitude  £ris48''  20*  northr 
und  C  the  Cape  of  Good  Hope,  wliose  latitude  EC. 
is  34°  30'  souUi :  both  which  latitudes  uc  suppost) 
to  be  accurately  determined  before-haud  by  the 
Hervers.  As  these  two  places  are  on  the  same  me» 
ridian  nVECs,  and  in  different  hemisphtt^s,  ihc 
hum  of  their  latitudes  82°  50'  is  then-  distance  from 
each  other.  Z  is  the  zenith  oiViewia,  and  r  the  ze- 
nidi  of  die  Cape  of  Good  Hope;  which  two  zeriiths 
are  also  82°  50*  distant  from  each  oiher,  in  UiB 
common  celestial  meridian  Zz.  To  the  observd 
Ht  yietina,  the  Moon's  centre  will  appear  at  u  in  the 
celestial  meridian ;  and  at  the  same  instant,  to  the  ob- 
server at  die  Cape  it  v.\W  appear  at  b.  Now  sup- 
pose the  Moon's  distance  Za  from  die  zenith  of /t 
enna  to  be  38"  1'  53";  and  her  distance 2^6  from  ihe 
zenith  of  the  Cape  of  Good  Hope  to  be  46"  4*41" 
the  sum  of  these  two  zenith-distances  (Za-^zb) 
is  84*'  6'  34",  from  which  subtract  82°  50',  the 
distance  Zz  between  Uie  zeniths  of  these  two 
places,  and  there  will  remain  1°  IG'  34"  for 
the  arc  ia,  or  distance  between  the  two  apparetil 

places  of  die  Moon's  centre  as  seen  from  ^and  irom  C 

Then,  supposing  the  tabular  radms  to  be  lUOOOOOOi 
the  natural  sine  of   38°   1'  53"  (the    arc  Za)  F^^ 
61G0P16,  and  the  natural  sine  of  46°  4'  4i"  (tl 
arc  ZhJ   is  720J821 ;    the  snm   of    both  thesi 
sines  is  13363637.     Say,  therefore,  As  133636S? 
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is  to  10000000,  so  Is  1°  16'  34,"  to  47'  18",  nhich 
is  the  Moon's  horizonrul  pamllax. 

If  ihe  two  places  of  observation  be  not  exactly 
under  the  same  meridian,  tlicir  difference  of  longi- 
tude must  be  accurately  taken,  thai  proper  al- 
lowance may  be  made  for  the  IVIoon's  change  of 
declination  ivhile  she  is  passing  from  the  meridian  of 
the  one  to  the  meridian  of  the  other. 

6.  The  Earth's  diameter,  as  seen  from  tlie 
Moon,  subtends  an  angle  of  double  the  Moon's 
horizontal  parallax;  which  being  supposed  (as 
above)  to  be  57'  18",  or  3438",  the  Earth's  diam- 
eter must  be  1°  54'  36",  or  6876".  When  the 
Moon's  horizontsl  parallax  (which  is  variable  on 
account  of  the  eccentricity  of  her  orbit)  is  57'  18", 
her  diameter  subtends  an  angle  of  31'  2",  or  1862"  : 
therelbre  the  Eardi's  diameter  is  to  the  Moon's  di- 
ameter, as  6876  is  to  f  862 ;  that  is,  as  3-09  is  to  1. 

And  since  the  relative  bulks  of  spherical  bodies 
are  as  the  cubes  of  their  diameters,  the  Earth's 
bulk  is  to  the  Moon's  bulk,  as  49.4  is  lo  I. 

7.  The  parallax,  and  conse(|uenlly  the  distance 
and  bulk  of  any  primary  planet,  might  be  ibund 
in  the  above  manner,  if  the  planet  were  vwxvt  enough 
to  the  Earth,  to  make  the  difference  of  ils  two  ap- 
parent  places  sufficiently  sensible  :  but  the  nearest 
pLiiiet  is  too  remote  for  the  accuracy  required.  In 
order  therefore  to  determine  the  distances  iind  rela- 
tive builds  of  the  planets  with  any  tolerable  degree 
of  precision,  we  must  have  recourse  to  a  metnod 
less  liable  to  error :  and  this  the  approaching  tran- 
sit of  Venus  over  the  Sun's  disc  will  afford  us. 

8.  From  the  time  of  any  inferior  conjunction  of 
the  Sun  and  Venus  to  the  next,  is  583  days  22 
hours  7  minutes.  And  if  the  plane  of  \'"cnus's  or- 
bit were  coincident  with  the  plane  of  the  ecliptic, 
she  would  pass  directly  betwCL-n  the  Eiuth  and  the 
Sun  at  eaci)  inferior  conjunction,  and  would  then 
apjiev  like  a  dark  round  spot  on  the  Sun  for  about 
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7  hours  and  .1  quarters.     But  Vcnus's  orbit  ( 
the  Moon's)  only  intersects  the  ecliptic  in  two  opi 
posite  points  called  its  nodes.     Aiid  therefore  *rH 
half  of  it  is  on  the  north  side  of  the  tcliptic,  i 
the  other  on  the  south  :    on  ivhich  account  VcnuiJ 
can  never  be  seen  on  the  Sun,  but  at  those  inftrioi 
conjunctions  which  happen  in  or  near  the  nodes  c 
her  orbit,     ^Vt  all  the  other  conjunctions,  she  ciihef'l 
passes  above  or  below  the  Sun ;    and  her  dark  sidea 
being  then   tou-ard  the  Earth,  she  is  invisible.— 
The  last  time  when  this  planet  was  seen  like  a  spo 
on  the  Sun,  was  on  the  24th  of  November,   obtfl 
style,  in  the  year  1639. 

ARTICLE  IL 

'^dwinghow  to  find  the  horhonlal  pamUfVxofVe- 
mis  by  observation,  and  from  theme,  by  analogy, 
the  parallax  and  distance  q/' the  Sim,  and  of  ail 
the  planets  from  him. 

9.   In  Fig.  4.  of  Plate  XIV.  let  DBA  be  thel 
Earth,  V  Venus,  and  TSR  the  eastern  limb  of  thbl 
Sun.     To  an  observer  at  J?  the  poini  /  of  that  limbT 
will  be  on  the  meridian,  its  place  referred  to  rhefl 
heaven  will  be  at  E,  and  Venus  will  appear  justT 
witliin  it  at  S.     Bur,  at  the  same  instant,  to  an  ob- 
server  at  A,  Venus  is  east  of  the  Sun,  in  the  rigMl 
Xm&AVF ;  the  point  t  of  the  Sun's  limb  appeal^ 
at  e  in  the  heavens,  and  if  Venus  were  then  visible,! 
she  would  appear  at  P.  The  angle  CFA  is  the  hori-l 
zontal  parallax    of  Venus,  which  we  seek;    atid  Url 
etjual  to  the  opposite  angle  FVE,  whose  mcastire  k 
the  arc  FE.    .ISC  is  the  Sun's  horizontal  paral- 
lax,  equal  to  the  opposite  angle  eSE,  whose  mea-1 
sure  is  the  arc  cE:  and  /".'/*■  f the  same  as  ^Avj\& 
Venus's  horizontal  parallax  from  the  Sun,  which 
may  be  found,  by  obF-erving  how  much  later  ifl  ab- 
Golute  time  her  total  mgrcss  on  the  Sim  is,  as  seen 
from  A,    tlian    as    seen  from  B,   which    is    the 
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lime  she  takes  to  move  from  r  to  v  in  lier  orbit 

10,  It  appears  by  the  tables  of  Venus's  motion 
and  the  Sun's,  that  at  the  time  of  her  ensuing  Iran, 
sit,  she  will  move  4'  of  a  degree  on  the  Sun's  disc  in 
60  minutes  of  time  ;  and  tliereforc  she  will  move  4" 
of  a  degree  in  one  minute  of  time. 

Now  let  us  suppose,  that  -f  is  90'^  west  of  ^,  so 
that  when  it  is  noon  at  B,  it  will  be  \'l  in  the  morn- 
ing at  A;  that  the  total  ingress  as  seen  from  ^  is  at  , 
1  minute  past  XII,  but  that  as  seen  from  jj  it  is  at  7 
minutes  30  seconds  past  VI :  deduct  6  hours  for  the 
difference  of  meridians  of  J  and  S,  and  llie  remain- 
der  will  be  6  minutes  50  seconds  for  the  time  by 
which  the  total  ingress  of  Venus  on  the  Sun  at  S  is 
later  as  seen  from  j4  than  as  seen  from  H :  which 
time  being  converted  into  parts  of  a  degree  is  26'\ 
or  the  arc  /V  of  Venus's  horizontal  pajullax  from  the 
Sun :  for,  as  1  minute  of  time  is  to  4  seconds  of  a 
degree,  so  is  Gi  minutes  of  time  to  26  seconds  of  a 
degree. 

11.  The  times  in  which  the  planets  perform  their 
annual  revolutions  about  Uie  Sun,  are  already  known 
by  observation. — From  these  times,  and  the  univer- 
sal power  of  gravity  by  which  the  planets  are  retained 
in  their  orbits,  it  is  demonstrable,  that  if  the  Earth's 
mean  distance  from  the  Sun  be  divided  into  100000 
equal  parts,  Mercury's  mean  distance  from  the  Sun 
must  be  equal  to  38710  of  these  parts — Venus's 
mean  thstance  from  the  Sun,  to  72333 — Mars's 
mean  distance,  152369 — Jupiter's  520096 — and  Sa- 
turn's, 954006.  Therefore,  when  die  number  of 
miles  contained  in  the  mean  distance  of  any  planet 
from  the  Sun  is  known,  we  can,  by  tliese  propor- 
tions,  find  the  mean  distance  in  miles  of  all  the  rest. 

12.  At  the  time  of  the  ensuing  transit,  die  i-arth's 
distance  from  the  Sun  will  be  1015  {the  mean  dis- 
tance being  here  considered  as  lOOf),  and  Venus's 
distance  from  the  Sun  will  be  720  (the  mean  distance 
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being  considered  as  723),  which  differences  from  ihe 
mean  distances  arise  from  the  elliplical  ligure  of  tbej 
planets'  orbits — Subtract  7:26  parts  from  1015, 
there  will  remain  289  parts  for  Vcnus's  distance  fro 
the  earth  at  that  lime. 

13.  Noiv,  since  tJie  horizontal  parallaxes  of  t 
planets  art*  inversely  as  their  distances  from  t 
Earth's  centre,  it  is  plain,  that  as  Venus  will  be  t 
tween  tiie  Eiirth  and  the  Sun  on  the  day  of  her  tm 
sit,  and  constqutntly  her  parallax  will  be  then  ^^ 
cr  than  the  Sun's,  if  her  horizontal  parallax  can  be  a 
tliat  day  ascertained  by  obaervaiion,  tlie  Sun's  hoi 
zontal  paralljx  may  be  found,  and  consequently  I 
distance  from  the  Earth. — Tluis,  suppose  Vcnns^ 
horizontal  parallax  should  be  found  to  be  S6".3480; 
then,  As  the  Sun's  distance  lOlS  is  to  Vcnus's  dis- 
tance 2yy,  so  is  Venus's  horizontal  parallax  35"«| 
3480  to  the  Sun's  horizontal  parallax  10".3493,Dn  rfl 
day  of  her  transit.  And  the  dtfii;rence  of  these  ivi 
parallaxes,  viz.  23".9987  (which  may  be  csteeme 
26")  will  be  the  quantity  of  Venus's  horizontal  j 
lax  from  the  Sun;  which  is  one  of  the  clfmeiilsfi 
prejecting  or  delineating  her  transit  over  the  Sni 
disc,  as  will  appear  further  on. 

To  find  the  Sun's  horizontal  parallax  at  the  I 
of  his  mean  distance  from  the  Earth,  say,  As  1 
parts,   the  Sun's   mean  distance  from  ilie  Earth*^ 
centre,   is  to    1015,    his  distance  from  it  on  thfel 


•  To  prove  this,  let  5  be  the  Sun  (Fig.  3.)  V  Venus,  AB  the  Em 
Cita  cenire,  uid  AC  its  Be  mi  diameter.  The  angles  Al  C  i«  lUe  lu 
zontftl  paraliiu  of  Venus,  nnd  ASCOie  Iioiizomal  purmitu  nl'the  S 
But  by  the  pi-uperty  nf  plane  Iriuigles,  as  the  line  ufJVC  (or  of  S^ 
its  Bupplmient  to  \m)  is  to  the  sine  of  AfC,  so  Is  AS  to  AV,  atid  M^ 
CS  tu  CV^N.  8  In  >UI  uiglcs  leu  ihnn  a  minute  of  a  degree,  q 
«ines,  langenLs,  and  area,  &re  sn  nearly  equal,  that  ibey  may,  «<UW 
error  be  iiaeil  for  one  anoilier.  And  liere  vie  make  lue  of  Gor^ifC 
lo^rillimic  tnbles,  because  they  hare  the  sines  ta  CTery^eeiKid  ti 
degree. 
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day  of  the  transit,  so  is  10". 3493,  his  horizontal 
|)arallax  on  that  day,  to  10". 5045,  his  horizontal 
parallax  at  the  time  of  his  mean  distance  from  tlic 
Eanh's  centre. 

14.  The  Sun's  parallax  being  thus  (or  any  other 
way  supposed  to  be)  found,  at  the  time  of  his  mean 
distance  from  the  Earth,  we  may  find  his  true  dis- 
tance from  it  in  semidianicters  of  the  Earth,  by  the 
following  analogj'.  As  the  sine  (or  tangent  of  so 
small  an  arc  as  that)  of  the  Sun's  parallax  10".5045 
is  to  radius,  so  is  unity,  or  the  Earth's  semidiameter, 
to  tlic  number  of  semidiameters  of  the  Earth  that  the 
Sun  is  distant  from  its  centre,  which  number,  being 
muhiplied  by  3985,  the  number  of  miles  contained 
in  the  Earth's  semidiametcr,  will  give  the  number  of 
miles  which  tlie  Sun  is  distant  from  the  Earth's 
centre. 

Then,  by  i  U.  As  100000,  the  Earth's  mean  dis- 
tance  from  the  Sun  in  parts,  is  to  SUTIO,  Mercury's 
mean  distance  from  the  Sun  in  parts,  so  is  the  Earth's 
mean  distance  from  the  Sun  in  miles  to  Mcrcury'a 
mean  distance  frum  the  Sun  in  miles. — And, 

As  100000  is  to  72333,  so  is  the  Earth's  mean 
distance  li'om  the  Sun  in  miles  to  Venus's  mean  dis- 
tance from  the  Sun  in  miles. — Likewise, 

As  100000  is  to  152369,  so  is  the  Earth's  mean 
distance  from  the  Sun  in  miles  to  Mars's  mean  dis- 
tance from  the  Sun  in  miles. — Again, 

As  100000  is  to  520096,  so  is  the  Earth's  mean 
distance  from  die  Sun  in  miles  to  Jupiter's  mean  dis- 
tance from  the  Sun  in  miles. — Lastly, 

As  100000  is  to  954006,  so  is  the  Earth's  mean 
distance  from  the  Sun  in  miles  to  Saturn's  mean  dis- 
tance from  tlie  Sun  in  miles. 

And  thus,  by  having  found  the  distance  of  any 
one  of  the  jflanets  from  the  Sun,  %ve  have  sufficient 
data  for  finding  the  distances  of  all  the  rest. — And 
then  from  their  apparent  diameters  at  these  known 
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distances,  tlieir  real  diameters  and  bulks  may 
found. 

15.  The  Earth's  diameter,  as  seen  from  the  Sun, 
subtends  an  angle  of  double  the  Sun's  horizontal 
parallax,  at  the  time  of  the  Earth's  mean  distance 
from  the  Sun  ;  and  the  Sun's  diameter,  as  seen  from 
the  Earth  at  that  time,  subtends  an  angle  of  32'  2", 
or  1922".  Thereibre  the  Sun's  diameter  is  to  die 
Earth's  diameter,  as  1922  is  to  21. — And  since  the 
relative  bulks  of  spherical  bodies  are  as  the  cubes  of 
their  diameters,  the  Sun's  bulk  is  to  the  Earth's  bulk, 
as  756058  is  to  1 ;  supposing  the  Sun's  mean  hori- 
zontal parallax  to  be  10".5,  as  above. 

16.  It  is  plain  by  Fig.  4.  that  whether  Venus  be 
at  UoT  V,  or  in  any  other  part  of  the  right  line  Bf^S, 
it  will  make  no  difference  in  the  time  of  her  total  in- 
gress on  the  Sun  at  5,  as  seen  from  5;  but  as  seen 
froni  A  it  will.  For,  if  Venus  be  at  V,  her  horizon- 
tal parallax  from  the  Sun  is  the  arc  Fe,  which  mea- 
sures the  angle  FAe  :  but  if  she  be  nearer  the  Earth, 
as  at  (/,  her  horizontal  parallax  from  the  Sun  is  the 
aicje,  which  measures  the  angle^^e;  and  Uiis  angle 
is  greater  than  the  an  gle  FAe,  by  the  difference  of 
their  measures  JF.  So  that,  as  the  disuince  of  the 
celestial  object  from  Uie  Earth  is  less,  its  parallax  is 
the  greater. 

17.  To  find  the  parallax  of  Venus  by  the  above 
method,  it  is  necessary,  1.  That  the  difference  of 
meridians  of  the  two  places  of  observation  be  90°. 
— 2.  That  the  time  of  Venus's  total  ingress  on  the 
Sun  be  when  his  eastern  limb  is  either  on  the  me- 
ridian of  one  of  the  places,  or  vei-j'  near  it. — And, 
3.  That  each  observer  have  his  clock  exactly  regu- 
lated  to  the  equal  time  at  his  place.  But  as  it 
might,  perhaps,  be  difficult  to  find  two  places  on 
the  Earth  suited  to  the  first  and  second  of  these  re- 
quisites,  we  shall  shew  how  tlus  important  problem 
may  be  solved  by  a  smgle  observer,  if  he  be  exact 
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as  to  his  longitude,  and  have  his  clock  truly  adjusted 
CO  the  equal  time  at  his  place. 

18.  That  part  of  Venus's  orbit  in  which  she  will 
move  during  her  transit  on  the  Sun,  may  be  consi- 
dered as  a  straight  line ;  and  therefore,  a  plane  itiay  be 
conceived  to  pass  both  through  it  and  the  Earth's 
centre.  To  every  place  on  the  Earth's  surface  cut 
by  this  plane,  Venus  will  be  seen  on  the  Sun  in  the 
same  path  that  she  would  describe  as  seen  from  the 
Earth's  centre ;  and  therefore  she  will  have  no  pa- 
rallax  of  latitude,  either  north  or  south ;  but  will  have 
a  greater  or  less  parallax  of  longitude,  as  she  is  more 
or  less  distant  from  the  meridian,  at  any  time  during 
her  transit. 

Matura^  a  town  and  fort  on  the  south  coast  of  the 
island  of  Ceylon^  will  be  in  this  plane  at  the  time  of 
Venus's  total  ingress  on  the  Sun ;  and  the  Sun  will 
then  be  62*°  east  of  the  meridian  of  that  place.  Con- 
sequently to  an  observer  at  Matura^  Venus  will  have 
a  considerable  parallax  of  longitude  eastward  from 
the  Sun,  when  she  would  appear  to  touch  the  Sun's 
eastern  limb  as  seen  from  the  Earth's  centre,  at 
which  the  astronomical  tables  suppose  the  obser\'er 
to  be  placed,  and  give  the  times  as  seen  from  thence. 

19.  According  to  these  tables,  Venus's  total  in- 
gress on  the  Sun  will  be  50  minutes  after  VII  in  the 
morning,  at  Matura*^  supposing  that  place  to  be  80^ 
east  longitude  from  the  meridian  oi  London^  which  is 
the  observer's  business  to  determine.  Let  us  ima- 
gine that  he  finds  it  to  be  exactly  so,  but  that  to  him 
the  total  ingress  is  at  VII  hours  55  minutes  46  se- 
conds, which  is  5  minutes  46  seconds  later  than  the 
true  calculated  time  of  total  ingress,  as  seen  from  tlie 
Earth's  centre.     Then,  as  Venus's  motion  on  (or 


*  The  time  of  total  inrress  at  London^  as  seen  from  tlie  Earth's  cen- 
tre, is  at  30  minutes  after  II  in  the  morning ;  and  \f  Matura  be  just 
W*  (or  5  hours  20  minutes)  east  ofLtmdoth  when  it  is  SO  minutes  past 
II  in  the  moroin^^  at  London,  it  is  50  minutes  pftst  VII  at  Mhtnrm, 
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toward,  or  from)  ibe  Sun  is  at  the  rate  of  4  minutes 
of  a  degree  in  an  hour  (by  4  10.)  her  motion  must  be 
23".  1  of  a  degree  in  5  minutes  46  seconds  of  time: 
and  this  23".l  is  her  parallax  eastward,  from  her  to- 
till  ingress  as  seen  from  Maiura,  when  her  ingress 
would  be  total  if  seen  from  the  Earth's  centre. 

20.  At  VII  hours  50  minutes  in  the  morning,  the 
Sun  is  62}°  from  the  meridian  ;  at  VI  in  the  morn- 
ing he  is  yO°  from  it :  therefore,  as  the  sine  of  62j° 
is  to  the  sine  of23".L  (which  is  Veniis's  parallax 
from  her  true  place  on  tlie  Sun  at  VII  hours  50  mi- 
nutes),  so  is  radius  or  the  sine  of  90°,  to  the  sine  of 
26",  which  is  Venus's  horizontal  parallax  from  the 
Sun  at  VI.     In  logarithms  thus : 


A%  the  lo^»ilhmic  line  of  Sl^  30' 
Is  to  llie  lugarithmic  sine  ol*23",l 
So  is  the  1o(;arithmic  ridius 
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Divide  the  Sun's  distance  from  the  Earth,  1015, 
by  his  distance  from  Venus  726  (i  12.J  and  the  quo- 
tient will  be  1.5980;  which  being  multiplied  by 
Venus's  horizontal  parallax  from  the  Sun  26",  will 
give  36". 3480,  for  her  horizontal  parallax  as  seen 
from  the  llarlh  at  that  time. — Then  (by  ((  13.)  as  the 
Sun's  distance,  1015,  is  to  Venus's  distance  289,  so 
is  Venus's  horizontal  parallax  36".3480  to  the  Sun's 
horizontal  parallax  ID".  3493. — If  Venus's  horizontal 
parallax  from  the  Sun  be  found  by  observation  to  be 
greater  or  less  than  26",  the  Sun's  horizontal  parallax 
must  be  greater  or  less  than  10". 3493  accordingly. 

21.  And  thus,  by  a  single  observation,  the  panUlax 
of  Venus,  and  consequently  the  parallax  of  the  Sun, 
might  be  found,  if  we  were  sure  that  the  astronomi- 
cal tables  were  quite  correct  as  to  the  time  of  Venus's 
total  ingress  on  the  Sun. — But  although  the  tables 
may  be  safely  depended  upon  for  shewing  the  true 
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duration  of  the  transit,  which  will  not  be  quite  6  hours 
from  the  time  ol  Venus's  total  ingress  on  llie  Sun's 
eastern  limb,  to  the  beginning  of  her  egress  irom  his 
western ;  yet  ihey  may  perhaps  not  give  the  true 
limes  of  these  two  internal  contacts :  like  a  good 
common  clock,  which,  though  it  may  be  trusti;<l  to 
for  measuring  a  few  hours  of  lime,  yet  perhaps  it  may 
nol  be  quite  adjusted  to  the  meridian  of  the  place, 
and  consequently  not  true  as-  to  any  one  hour  ;  which 
every  one  knows  is  generally  the  case. — Therefore,  lo 
make  sure  work,  the  observer  ought  to  watch  both 
the  moment  of  Venus's  total  ingress  on  the  Sun, 
and  her  beginning  of  egress  from  him,  so  as  to  note 
precisely  the  times  between  these  two  instants,  by 
means  of  a  good  clock  :  and  by  comparing  the  inter- 
val at  his  place  with  the  true  calculated  interval  as 
seen  from  the  Earth's  centre,  which  will  be  5  hours 
58  minutes,  he  may  find  the  parallax  of  Venus  from 
the  Sun  both  at  her  total  ingress  and  beginning  of 
egress. 

22.  The  manner  o!'  observing  the  transit  should  be 
as  follows : — The  obber\'er  being  provided  \vith  a 
good  telescope,  and  a  pendulum-cluck  well  adjusted 
to  the  mean  diurnal  revolution  of  the  Sun,  and  as 
near  to  the  time  at  his  place  as  conveniently  may  be; 
and  having  an  assistant  to  watch  the  clock  at  tlie 
proper  times,  he  must  begin  to  observe  tlie  Sun's 
eastern  limb  through  his  telescope,  twenty  minutes 
at  least  before  the  computed  lime  of  Venue's  total  in- 
gress upon  it,  lest  there  should  be  an  error  in  the 
time  of  the  beginning  as  given  by  the  tables. 

When  he  perceives  a  dent  (as  it  wei^c)  to  be  made 
in  the  Sun's  limb,  by  the  interposition  of  the  dark 
body  of  Venus,  he  must  then  continue  to  watch  her 
through  the  telescope  as  the  dent  increases ;  and  his 
assistant  must  watch  the  time  shewn  by  the  clock, 
till  the  whole  body  of  the  planet  appears  just  within 
the  Sun's  limb:  and  the  moment  when  the  bright 
limb  of  the  Sun  appears  close  by  the  cast  side  of  the 
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dark  limb  of  the  planet,  tlie  observer,  having  a  little 
hummer  in  lus  hand,  is  to  strike  a  blow  therewith  on 
the  tabl?  gr  wall ;  the  moment  of  which,  the  assist- 
aiit  notes  by  the  clock,  and  writes  it  down. 

Then,  let  the  planet  pass  on  for  about  2  hours  59 
minutes,  in  wliich  time  it  will  be  got  to  tlie  middle  of 
its  apparent  path  on  the  Sun,  and  consequently  will 
tlien  be  at  Its  least  apparent  distance  from  the  Sun's 
centre  ;  at  which  time,  the  observer  must  take  its  dis- 
tance from  the  Sun's  centre  by  means  of  a  good  mi- 
crometer, in  order  to  ascertain  its  true  latitude  or  de- 
clination  from  the  ecliptic,  and  thereby  find  the  places 
of  its  nodes. 

This  done,  there  is  but  little  occasion  to  observe 
it  any  longer,  until  it  comes  so  near  the  Sun's  western 
limb,  as  almost  to  touch  it.  Then  the  observer  must 
ivatch  the  planet  carefully  with  his  telescope  :  and  his 
assistant  must  watch  the  clock,  so  as  to  note  tlie 
precise  moment  of  the  planet's  touching  the  Sun's 
limb,  which  the  assistant  knows  by  die  observer  strik- 
ing a  blow  ivith  his  hammer. 

23.  The  assistant  must  be  very  careful  in  observing 
■what  minute  on  the  dial-plate  the  minute-hand  has  past, 
when  he  has  observed  the  second-hand  at  the  instant 
the  blow  was  struck  by  the  hammer;  otherwise,  though 
he  be  right  as  to  the  number  of  seconds  oT  the  current 
minute,  he  may  be  liable  to  make  a  misttke  in  the  num- 
l>er  of  minutes. 

24.  To  those  places  where  the  transit  begins  before 
XII  at  noon,  and  ends  after  it,  Venus  will  have  an 
eastern  parallax  from  the  Sun  at  the  beginning,  and 
a  western  parallax  from  the  Sun  at  the  end  ;  which 
^\"ill  contract  the  duration  of  the  transit,  by  caus- 
ing it  to  begin  later  and  end  sooner,  at  these  places, 
than  it  does  as  seen  i'rom  tiie  Earth's  centre ;  which  mav 
be  espRined  in  the  following  manner. 
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In  Fig.  5.  of  Plate  XIV  let  BMA  be  the  Earth, 
V  Venus,  and  S  the  Sun.  The  Earth's  motion  on 
its  axis  from  west  to  east,  or  in  the  direction 
AMB^  carries  an  observer  on  that  side  contrary 
to  the  motion  of  Venus  in  her  orbit,  which  is  in 
the  direction  UVW;  and  will  therefore  cause  her 
motion  to  appear  quicker  on  the  Sun's  disc,  than 
it  would  appear  to  an  observer  placed  at  the  Earths 
centre  C,  or  at  either  of  its  poles.  For,  if  Venus 
were  to  stan4  still  in  her  orbit  at  V  for  twelve  hours, 
the  observer  on  the  Earth's  surface  would  in  that 
time  be  carried  from  A  to  By  through  the  arc  A  MB. 
When  he  was  at  Aj  he  would  see  Venus  on  the  Sun 
at  R;  when  at  My  he  would  see  her  at  S;  and  when 
he  was  at  By  he  would  see  her  at  T:  so  that  his  own 
motion  would  cause  the  planet  to  appear  in  motion  on 
the  Sun  through  the  line  EST;  which  being  in  the 
direction  of  her  apparent  motion  on  the  Sun  as  she 
moves  in  her  orbit  UJFy  her  motion  will  be  accele- 
rated on  the  Sun  to  this  observer,  just  as  much  as  his 
own  motion  would  shift  her  apparent  place  on  the 
Sun,  if  she  were  at  rest  in  her  orbit  at  V. 

But  as  the  whole  duration  of  the  transit,  from  first 
to  last  internal  contact,  will  not  be  quite  six  hours ; 
an  observer,  who  has  the  Sun  on  his  meridian  at  the 
middle  of  the  transit,  will  be  carried  only  from  aXo  b 
during  the  whole  time  thereof.  And  therefore,  the 
duration  will  be  much  less  contracted  by  his  own 
motion,  than  if  the  planet  were  to  be  twelve  hours  in 
passing  over  the  Sun,  as  seen  fron>  the  Earth's 
centre. 

25.  The  nearer  Venus  is  to  the  Earth,  the  greater 
is  her  parallax,  and  the  more  will  the  true  duration  of 
her  transit  be  contracted  thereby ;  the  farther  she  b 
from  the  Earth,  the  contrary :  so  that  the  contraction 
will  be  in  direct  proportion  to  the  parallax.  There- 
fore, by  observing,  at  proper  places,  how  much  the 
duration  of  the  transit  is  less  than  its  true  duration  at 
the  Earth's  centre,  where  it  is  5  hours  58  minutes, 
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as  given  by  the  astronomicnl  tables,  I 
Venus  will  be  ascertained. 

26.  The  above  method  [\    17,  &?  seq.)  is  much 
the  same  as  Mas  prescribed  long  ago  by  Doctor  Hal- 
ley  ;  but  the  calculations  differ  considerably  from  his ; 
as  mil  appear  in  the  next  article,  which  contains  a 
translation  ol'  the  Doctor's  whole  dissertation  un  that 
sobject.  --  He  had  not  computed  his  oivn  tables  \vhen  he  J 
wrote  it,  nor  had  he  time  before-hand  to  make  a  sufK-l 
cient  number  ol'  observations  on  the  motion  of  Venus,  1 
so  as  to  determine  whether  the  nodes  of  her  orbit  are 
at  rest  or  not ;  and  was  therefore  obliged  to  trust  to 
other  tables,  which  are  now  found  to  be  erroneous. 

ARTICLE  in. 

Containing  Doctor  Halley's  Dissertation  on  the 
met/ioa  ofjindmg  the  Sun^s  parallax  and  distance 
from  the  Earth,  by  the  transit  of  Fenus  over  the 
Sun's  disc,  June  the  6th,  1761.  Translated  front 
the  Latin  in  Mottce's  Abridgment  of  the  Philoso- 
phical Transactions,  Vol.  I.  page  243  ,■  -with  addi- 
tional notes. 

There  are  many  diings  exceedingly  paradoxical, 
and  that  seem  quite  incredible  to  the  illiterate,  which 
yet  by  means  of  mathematical  principles  may  be  easily 
Jiolved.  Scarce  any  problem  will  appear  more  hard 
and  difficult,  than  that  of  determining  the  distance  of 
the  Sun  Injm'the  Earth  very  near  the  truth :  but  even 
this,  when  we  are  made  acquainted  with  some  exact 
observations,  taken  at  places  fixed  upon,  and  chosen 
before-hand,  will  without  much  labour  be  efiecteil 
And  this  is  what  I  am  now  desirous  to  lay  before  thui' 
illustrious  Society*  (which  I  forelci  will  continue  (dt 
ages),  tliat  I  may  explain  before-hand  to  young  astro- 
nomers, who  may  perhaps  live  to  observe  these  things, 
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a  method  by  whicli  the  immense  disiance  of  ilie  Sun 
msy  be  truly  obtained,  to  wilhhi  a  iivc-hiuidredtb  (xirt 
of  what  it  rtally  is. 

It  is  well  knomi  that  the  distance  of  the  Sun  fronj 
the  Earth  is  by  difTerent  astronomtrs  supposed  difl'c 
rem,  according  to  what  ivas  judged  most  prolxxblc 
from  the  best  conjecture  dial  t-ach  could  iorni.  V'/d- 
lemy  and  his  followers,  as  iilso  Copernicus  and  Tyclio 
Brake,  thought  it  to  be  120U  scmidiameters  of  the 
Eardi;  KepUr,  3500  nearly:  liicciohts  doubles  the 
distance  mentioned  by  Kepler ,-  juid  Haiel'ms  only  in- 
creases  it  by  one  half.  But  the  planets  Venus  and 
Mercury  having,  by  the  assistance  of  the  telescope, 
been  seen  on  the  disc  of  the  Sun,  deprived  oi'  their 
borrowed  brightness,  it  is  at  length  found  that  the  ap- 
parent diameters  of  the  planets  ure  much  less  than  diey 
were  formerly  supposed ;  and  that  die  semidiameterof 
Venus  seen  ii-om  tbe  Sun  subtends  an  angle  of  no  more 
thanafourdi  p;irtof  a  minute,  or  15  seconds,  while  the 
semidiameter  of  Mercury,  at  its  mean  distance  from 
the  Sun,  is  seen  under  an  angle  only  of  ten  seconds  ; 
that  the  semidiameter  of  Saturn  seen  from  the  Sun 
appears  under  the  same  angle  ;  and  thai  die  scmidia- 
meter  of  Jupiter,  the  largest  of  all  the  planets,  sub- 
tends  an  angle  nf  no  more  than  a  third  p:irtof  a  minute 
at  the  Sun.  Whence,  keeping  the  proportion,  some 
modem  astronomefb  have  thought,  that  the  seniidia- 
meter  of  the  Eitrth,  seen  from  the  Sun,  would  sub- 
tend  a  mean  angle  between  that  larger  one  subtended 
by  Jupiter,  and  thai  smaller  one  subtended  by  Saturn 
and  Mercury;  and  equal  to  that  subtended  by  Venui? 
(namely,  fiheen  seconds) :  and  have  thence  concluded, 
that  tlic  Sun  is  distant  from  tlie  L-.anh  almost  14U0O 
of  the  Earth's  scmidiameters.  But  the  same  authors 
have  on  another  account  somcwliat  increased  this 
disiance:  for  inasmuch  as  the  Moon's  diameter  is 
a  tilde  more  tlian  a  fourth  part  of  tlic  diamcier  of 
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fifteen  seconds,  it  would  follow  that  the  body  of  Ukt^ 
Moon  is  larger  than  thaf  of  Mercury;  that  is,  that  a 
secondary  planet  would  be  greater  than  a  primary ; 
M'hich  would  seem  inconsistent  with  the  uniformity  ot 
tlic  mundane  system.    And  on  the  contrary,  the  satne  J 
regiilui'ity  and  luiilbrmity  seems  scarcely  to  admit  that  \ 
Venus,  an  inferior  planet,  that  has  no  satellite,  should^  1 
be  greater  than  our  Karth,  which  stands  higher  jn  the 
system,  and  has  such  a  splendid  attendant.     There- 
fore, to  observe  a  mean,  let  us  suppose  the  scmidia* 
meter  of  the  Earth  seen  from  the  Sun,  or,  which  is  the 
same  thing,  the  Sun's  horiiiontal  parallax,  to  be  tivclvc 
seconds  and  a  half;  according  to  which,  the  Moon 
will  be  less  than  Mercury,  and  the  Earth  larger  than 
Venus;  and  the  Sun's  distance  from  the  Kartli  will 
come  out  neariy  16,50(1  of  die  Earth's  semidiameters. 
This  distance  1  assent  to  at  present,  as  the  true  one, 
till  it  shall  become  certain  what  it  is,  by  die  espcri- J 
meut  which  I  ]>ropose.     Nor  am  1  induced  to  allerJ 
my  opinion  by  the  authority  of  those  (however  weigh^J 
it  may  be)  whoare  for  placing  the  Sun  at  an  immen^M 
distance  beyond  the  bounds  here  assigned,  relying  onJ 
observations  made  upon  the  vibrations  of  a  pendulum^  ' 
in  order  to  determine  those  exceeding  small  angles; 
but  which,  as  it  seems,  are  not  sufficient  to  be  depend- 
ed upon  ;  at  least,  by  this  method  of  investigating  t" 
jjanilliix,  it  will  sometimes  come  out  nothing,  or  eveu, 
negative;  that  is,  the  distance  would  cither  becom 
infinite,  or  greater  than  infinite  ;  which  is  absurd.  And  1 
indeed,  to  confess  the  tnidi,  it  is  hardly  posable  for  -a 
man  to  distinguish,  witli  any  degree  ol'  certainty,  se- 
conds, or  c\'cn  ten  seconds,  with  instruments,  kt  them 
be  evw  so  skilfully  made  :  thcrclbrc,  it  is  not  at  all  to 
be  wondered  at,  that  the  excessive  nicety  of  (his  ma- 
ler  has  eluded  the  many  and  higenious  endeavours  of 
such  skilful  operators. 

About  forty  .jcars  ngo,  ivbile  I  was  in  the  island 
nj  St.  JjeiatSt  observiiigdie;  stars  aboia  the  aautti 
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pole,  I  had  an  opportunity  of  observing,  witli  the  great- 
est diligence,  Mercury  passing  over  the  disc  of  the 
Sun ;  and  (which  succeeded  better  than  1  could  have 
•hoped  for)  1  observed,  with  the  greatest  degree  of  ac- 
curacy, by  means  of  a  telescope  24  feet  long,  the  veiy 
moment  when  Mercury  entering  upon  the  Sun  seemed 
to  touch  its  limb  within,  and  also  the  moment  when 
going  oflf  it  struck  the  limb  of  the  Sun's  disc,  form- 
ing tlie  angle  of  interior  contact :  whence  I  found  the 
interval  of  time,  during  which  Mercury  then  appeared 
within  the  Sun*s  disc,  even  without  an  error  of  one 
second  of  time.  For  the  lucid  line  intercepted  between 
the  dark  limb  of  the  planet  and  the  bright  limb  of  the 
Sun,  although  exceeding  fine,  is  seen  by  the  eye ;  and 
the  little  dent  made  in  the  Sun's  limb,  by  Mercury's 
entering  the  disc,  appears  to  vanish  hi  a  moment ;  and 
also  that  made  by  Mercury,  when  leaving  tlie  disc, 
seems  to  begin  in  an  instant. — When  I  perceived  this, 
it  immediately  came  into  my  mind,  that  the  Sun^s 
parallax  might  be  accurately  determined  by  such  kind 
of  observations  as  these ;  provided  Mercury  were  but 
nearer  to  tlie  Earth,  and  had  a  greater  parallax  from 
the  Sun ;  but  the  difference  of  tliese  parallaxes  is  so 
little,  as  always  to  be  less  than  tKe  solar  parallax  which 
we  see ;  and  therefore  Mcrcurj%  tliough  frequently  to 
be  seen  on  the  Sun,  is  not  to  be  looked  upon  as  fit 
for  our  purpose. 

There  remains  then  the  transit  of  Venus  over  the 
Sun's  disc ;  whose  parallax,  being  almost  four  times  as 
great  as  the  solar  parallax,  will  cause  very  sensible  dif- 
ferences between  the  times  in  which  Venus  will  seem 
to  be  passing  over  the  Sun  at  different  parts  of  the 
Earth.  And  from  these  diflerences,  if  they  be  observ- 
ed as  they  ought,  the  Sun's  parallax  may  be  deter- 
mined even  to  a  small  part  of  a  second.  Nor  do  we 
require  any  other  instruments  for  this  purpose,  than 
common  telescopes  and  clocks,  only  good  of  their 
kind  :  and  in  the  observers,  nothing  more  is  needful 
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iligence,  i 


Li  moderate  skill  in  astrono-  ^ 
lat  the  latitude  of  th 
shuuUI  be  scrujjiiluusly  ubsLrvtcl,  nor  that  the  hours 
tlieinbclvcb  sliould  be  accurately  determined  with  re- 
spect to  ihc  meridiun:  it  h  siitlicient  that  the  clocks 
be  reguliiltd  according  to  tlic  motion  ol'  the  heavais, 
it' die  tiiiiCb  be  well  reckoned  Irani  the  total  ingress  o( 
Venus  into  the  Hun's  disc,  to  the  beginning  of  her 
egress  fruni  it ;  that  ia,  when  the  dark  globe  of  Venus 
first  begins  to  touch  the  bright  limb  of  the  Sun  with- 
in ;  whieh  momuuts,  I  know,  by  my  own  experience, 
luay  be  observed  within  a  second  of  time. 

But  on  accuuiil  of  the  very  strict  laws  by  which  the 
motions  of  Uk"  planets  ;»re  regulated,  Veims  is  seldom 
seen  widiin  the  hun':i  di^c ;  und  duiing  the  course  of 
more  than  1^0  years,  it  could  not  be  seen  tmce ; 
namely,  from  the  year  1639  (when  this  most  pleasing 
iiflht  luippened  to  that  excellent  youth,  Ilorrax,  our 
countryman,  and  to  him  only,  since  the  creation)  to 
the  year  J.7GI ;  in  which  year,  according  to  the  theo- 
ries which  we  have  hitherto  found  agreeable  to  the 
celestial  motions,  Venus  will  again  pass  over  the  Suar 
on  the*  26th  oi May,  i^  the  morning ;  so  that  at  Lon- 
do]t,  alx)ut  six  o'clock  in  die  morning,  we  may  expect 
to  sec  it  nctu-  llu;  iiiiddle  of  the  Sun's  disc,  and  not 
above  four  minutes  of  a  degree  south  of  the  Sim's 
centre.  But  the  duration  of  this  transit  will  be  almost 
eight  hours ;  namely,  from  two  o'clock  in  the  morn- 
ing till  almost  ten.  Hence  the  ingress  will  not  be 
vbibic  in  Knglaiid;  but  as  the  Sun  will  at  that 
time  be  in  the  16th  degree  of  Gemini,  having  almost 
23  degrees  north  declination,  it  will  be  seen  without 
setting  at  all  in  almost  all  parts  of  the  north  frigid 
zone,:  and  tlierefoi-e  the  inhabitants  of  the  coast  o& 
•Vonvai/,  beyond  the  city  of  JVirlrosia,  which  is  called ' 
Dront/teim,  as  far  as  the  Norl/i  Cape,  will  be  able  lo 
observe  Venus  entering  the  Sun's  disc ;  and  perhaps 
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ihe  ingress  of  Vcrus  upon  the  Sim,  wIjcd  rising-;  will 
be  seen  bj-  liie  Scotch,  in  the  noriht-m  |xirts  of  iIk 
kingdom,  aiid  by  ihe  inhiibilaiits  of  tfie  Hhetlanii  hits, 
formerly  called  Thule.  Hut  at  the  time  when  Venus 
will  be  neai^est  die  Sun's  cemre,  the  Sun  uill  Ix;  ver. 
tical  to  the  northern  shores  of  the  Iray  of  Betigal,  or 
rather  over  the  kingdom  of  Pegu  ;  and  tlKrdoit  in  die 
adjacent  regions,  as  the  Sun,  when  Venus  enters  his 
disc,  xvill  be  almost  four  hours  tonanU  the  cnat,  and 
as  many  toward  the  west  when  she  leaves  him,  llic 
apparent  motion  of  Venus  on  ttie  Sun  will  be  accele- 
rated by  almost  double  the  honzontal  parallax  of 
Venus  from  the  Sun  ;  because  Venus  at  thai  lime  is 
carried  widi  a  retroj^rade  motion  from  cast  to  utsI, 
while  an  eye  placed  upon  the  Eardi's  surface  is  whirl- 
ed the  contrary  way,  from  west  to  east*. 


■  This  hu  ticen  already  lakcn  noliac  of  in  f  M  i  but  I  bIuII  liere  en> 
deaviiur  to  explain  ii  ninre  at  lirgv-,  togcthnr  urith  some  of  Uk  fuUow- 
Injc  [urtof  the  Doctor'*  Esiaj,  1^  s  figure. 

In  f\%.  I.  of  flato  XV  l«t  £'be  (he  centre  xf  Die  Earth,  and  j:  the 
centre  of  ilie  Snn.  In  tlic  right  Kne  0>Z,  make  eZ  to  CZ  u  7'J6  ii  to 
1015  (f  VI).  Let  doM Im  tlia  Earth,  v  Vcnui's  jiUce  in  her  orbital  the 
time  of  her  conjunction  with  the  Sunt  and  tet  TSU^  tlkeSjn,  whoje 
diameter  is  31'  43". 

The  motion  ol  Venua  !n  her  orbit  i«  in  the  direction  y*fl,  and  tlie 
Eartlt't  motion  on  iti  uia  ii  according  to  tlie  unler  of  the  M  hniim 
pimccd  around  it  in  tlic  Rirnre.  Tlierefore.  supponiiif;  tlir  mouth  af  the 
Coi^ct  to  he  at  C,  wlicn  Venuis  ii  at  £  in  her  orbit,  and  to  be  carried 
ftntnOXa g\i^  UieEirlh'i  motion  on  iisaxii,  while Venui  niovei  from 
JTtor  in  hcrurbiti  it  la  plain  that  the  moUona  of  Veiiu*  and  theCiu^i 
are  contivr;  to  each  other. 

The  true  muliun  of  Venua  In  her  orhlt,  and  conseriiicMlf  the  apace 
abe  aeem«  to  run  oi-er  on  the  SunVi  disc  in  any  pten  time,  couIm  be 
•een  only  Trom  the  Earth'i  centre  C,  which  ia  at  rest  vfilh  respect  la 
its  tiiriVcc.  And  a«  aeen  from  C,  her  paih  on  the  Sun  would  be  in  dm 
ri^tUno  TtU  tvnA  her  motion  ttierein  at  the  rate  of  four  mimitea  uf  a 
degree  m  an  hour  7*1*  the  point  of  the  Sun'i  easteni  limb  which 
Tenus  B«mi  to  toucii  it  the  moment  of  hrr  total  logrraa  im  Uic  Sun, 
u  iccn  (Wim  C,  wlien  Vcnni  I*  at  £  In  her  orbit ;  and  U  ia  (he  point  of 
Ihe  Sim't  weatem  limb  which  the  secma  to  touch  at  tlie  moment  of  h»r 
beginning  of  egrets  from  the  Sun,  aa  jccn  from  C,  wlicn  aba  ii  al  e  in 
her  orbit. 
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Supposing  ihe  Sun's  parallax  (as  we  have  said|j 
to  be  1:^4' '>  the  parallax  of  Venus  will  be  43"j^ 
from  which  sublractiiija;  the  parallax  of  thf  Sua., 
there  will  remain  30"  at  least  for  the  horizoiilai 
parallax  of  Venus  from  the  Sun ;  and  therefore  the- 
motion  of  Venus  will  be  inrrciised  45"  at  least  byl 
tlial  parallus,  while  stie  passes  over  the  Sun's  disc,  J 
m  those  elevations  of  the  pole  nliich  are  in  places! 
near  the  tropic,  ajid  yet  more  in  the  neighbour-jT 
hood  of  tlie  equator.  Now  Venus  at  that  tiraC) 
will  move  on  the  sun's  disc,  very  nearly  at  thd 
rate  of  four  minutes  of  a  degree  in  an  hour ;  ai 
therefore  il  minutes  of  lime  at  least  are  to 
allowed  for  45",    or  three  Iburths  of  a  minute  ' 


when  llie  moiiUi  tit  tiie  Gangei  is  at  in  (in  revolving  ilirouKU  llie  1 
arc  Cmg)  the  Siiti  i*  on  its  mcriclian.     Tlierefore,  siroe  8  una  j  ure^ 
equally  distant,  f^om  m  at  die  be^nnin^  and  ending  nf  the  tratuit,ittl 
pUin  tint  Uie  Sun  will  be  ub  fxr  east  of  the  meridiin  of  the  Giin^d 
(U  G)  when  ilie  transit  lie^ine,  as  it  will  be  west  i>f  the  merldiui  of 
tlie  Slime  plnee  (r^vnlving  from  Gtng)  when  llie  transit  ends. 

Bnt  ftlthouifh  the  beginning  of  llie  transit,  or  ratliec  the  moment  d 
VenuR'a  Utfal  ingrcBs  upon  the  Stin  at  7',  u  seen  from  the  EwtliV 
centre,  must  be  when  Venus  is  nt  E  in  her  nrhil,  because  she  i«  tista 
teen  in  the  direction  of  llie  rig^ht  line  CET;  yet  >t  Uie  same  inKtant  M 
time.  IS  seen  from  the  Cangei  at  G.she  will  be  short  of  her  ingre 
the  Sun,  being'  then  seen  eastward  of  him,  in  t)ie  rJKlit  line  C 
which  makes  the  anyleff^rCequiil  to  the  opposite  an  jle  CJ!C),wltjj 
the  d^t  line  CiiT.  This  angle  is  called  the  nngle  of  Vcnu>>*»  parallU 
from  the  Sun,  which  retards  tlie  beginning  of  Uic  transit  as  seen  fironi 
Uie  hanks  of  the  Gangei;  an  that  the  Gang^i  G,  must  ailvaneirt  liWl* 
farther  toward  in,  and  Venus  muai  move  on  in  her  orbit  from  £  to  J 
before  she  can  be  seen  from  G  (in  tlic  right  line  GST)  wholly  » 
tJie  Sim's  disc  at  T. 

When   Venus   comes  to  e   in  her  orbit,    she   will  appwr  at   17^ 
as   seen  from  the   Earth's  centve   C,  just  beginning  to  leave  t' 
Suni    that  is.    nt  the   beginning  of   her  egress  from   hts   »M«li 
limb  :   but  at  the  same  insta.nt  of  time,   as  seen  from  the  Gang 
which  is  then   at  g,   she   will  be  quite  clear  of  tlie   Sun  (owu 
the  west;  being  then   seen   &om  g  in   the  right  line  gtL,  whid 
makei    an    angle,     as    UrL    (equal   to    the   opposite   anrie    f^tgA 
«illi    th»    riffhl    line    CtU:    and    this    is   the    angle   of  Vtntii" 
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a  degree ;  and  by  this  space  of  time,  the  duration 
of  this  eclipse  caused  by  Venus  will,  on  account 
of  the  parallax,  be  shortened.  And  from  diis 
shortening  of  the  time  only,  wc  might  safely  enough 
draw  a  conclusion  concerning  the  parallax  which 
we  are  in  search  of,  provided  the  diameter  of  tlw- 
Sun,  and  the  latitude  of  Venus,  were  accurately- 
known.  But  we  cannot  expect  an  exact  computa- 
tion in  a  matter  of  such  subtilty. 

Wc  must  endeavour  therefore  to  obtain,  if  pos- 
sible, another  observation,  to  be  taken  in  those 
places  where  Venus  will  be  in  the  middle  of  the 
Sun's  disc  at  midnight;  tliat  is,  in  places  under 
the  opposite  meridian  to  tlie  former,  or  about  6 
hours  or  90  degrees  west  of  London  ;  and  where 
Venus  enters  upon  the  Sun  a  litde  before  its  set- 


EralUx  from  the  Suit)  as  se«n  from  the  Gangea  at  g,  when  she  \a 
t  just  begiiuiitig  to  leave  the  Sun  ai  U,  as  seen  from  tike  Earth's 
centre  C. 

Here  it  is  plain,  that  the  duration  of  the  tranait  about  the  mnuth 
of  the  Gange*  (and  also  in  the  neighbnirins  jjlacetj  will  be  dimi- 


tr<m  the  £anh'*  ceni  re  C:  but  at  that  time  die  is  short  mF  the  Suii, 
as  seen  from  the  Ganget  at  G,  bv  the  whole  Quantity  of  her  eaxtcra 
parallax  from  the  Suii  aithal  time,  which  U  the  angle  Jrfi/".  [ITiis 
angle,  in  bet,  is  only  SS";  tlinugh  it  is  represented  much  larger  b 
the  fiRure.  because  the  Eartli  thertiii  is  a  vast  deal  loo  iMg.]  Now. 
as  Venus  moves  at  the  rale  of  i'  in  an  hour,  she  will  nrnve  'Xi"  in  S 
minutes  4j  seconds:  and  therefore,  tlie  transit  will  begin  later  bv  5 
minutes  45  seconds  at  the  banks  of  the  Ganget  than  at  the  KanWa 
centra — ^Wlien  the  tran^t  is  ending  at  U,  as  seen  from  the  Earth's 
centre  at  C,  Venua  wiil  be  quite  dear  of  the  Sun  (by  the  whole 
luantitv  nf  her  western  parallax  from  him)  as  seen  from  the  Gange; 
wliich  IS  then  at  g :  and  tills  parallax  will  be  33",  itjuai  to  the  B|(ace 
tlirnugh  which  Venus  moves  in  5  minutes  30  seconds  of  time:  so 
that  the  traniit  will  end  5^  minutes  itoon-er  as  seen  from  the  Gangn, 
than  as  seen  from  ilie  Earth's  centre. 

Hero  the  whole  conUaction  of  the  duration  of  the  transit  at  the 
mouth  of  the  Ganga  will  be  II  minutes  ii  secotids  of  time;  fbr  it 
is  5  minutes  45  Mconds  at  ilie  be^riniiing,  and  5  mhutes  30  Kcon(l<: 
at  the  i;nd. 

3Q 
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ting,  niid  goes  oft'  a  little  after  its  rising.  Aiid 
this  will  hapiien  under  the  above-mentioned  meril 
tlian,  and  «liere  the  elevation  of  the  north  pole  ifl 
;ibout  56  tiegrees ;  that  is,  in  a  part  of  Hadsori'i 
Jiaij,  near  a  pbce  called  Port-J\'ekoti.  For,  in  iliia 
and  die  adjacent  places,  the  parallax  of  Venus  wil' 
increase  thf  duration  of  the  transit  by  at  least  i' 
miiiulcs  of  time;  because,  «hile  the  Sun,  fro 
its  selling  to  Its  rising,  seems  to  pass  under  the  polcj 
those  places  on  ihc  Karth's  disc  will  be  carried  willj 
a  motion  from  east  to  west,  contrdry  lo  the  motley 
nf  the  Ganges  J  that  is,  with  a  motion  conspirim 
w'nU  die  motion  of  Venus;  and  tlierefore  Venuj 
wiil  seem  to  move  more  slowly  on  the  Siirt,  and  ti 
Ijc  longer  in  passing  over  his  disc* 


•  In  Fig.  I.  of  Plate  XV.  let  of  be  the  meridian  i^f  the  e:  _  ., 
metdth  of  tiie  Gang  fa  f  aitil  bC  the  meiidian  (S  J'ari-JVrlton  an  i 
liiouth  of  Y^k  Rtvcr  in  Hudson's  Bay,  56"  north  Utitutk.  j^ 
Ihc  meridian  of  tiw  Ganges  revolves  from  a  to  c,  Ow  meridian  Q 
Port-JVcltan  will  revolve  from  A  W  rf.-  therefore,  while  the  G 
.revolves  from  G  to  g,  ihrouch  the  arc  Gmg,  J'ortJVelam  re  _. 
the  contrary  way  (u  seen  fmm  the  Sun  or  Venus)  fmm  P  ti 

through  ilie  arc  Pnfi. Now,  a»  the  motion  of  Venus  b  ttttm  . 

to  e  in  hi;r  orbit,  while  alie  seems  to  pass  over  the  iiun^  disc  Ib  I) 
right  line  TtU,  us  seen  fmm  the  Earth's  centre  C,  it  is  pbln  th 
while  the  motion  of  the  Gangrt  is  contrary  to  the  moUon  of  Ven 
m  her  oi-tnt,  and  thereby  dioriens  the  dura^oo  of  the  tnuisJI  &I  th 
place,  the  motion  of  Fart-JVcUon  is  the  same  way  as  the  motion  a 
Venus,  and  will  tlierefore  increase  the  duration  of  *e  tmmut 
which  may  in  some  degree  be  iUostrnted  by  supposing,  th«  wlUle 
n  ship  is  tinder  sail,  if  two  tards  %  alone  the  side  of  the  ship  in  con- 
trary directions  to  each  otlier,  the  biro  which  ffies  ccncrary  to  the 
motion  of  tlic  ship  will  nass  1^  it  sooner  tlian  the  bird  will,  which 
ilies  the  same  waj;  tliat  the  ship  mows. 

In  fine,  ii  i«  plab  by  the  figure,  that  the  duration  of  the  tranat 
must  be  longer  as  seen  from  Port^Vrlaun,  than  as  seen  frcrtn  the 
Earth's  cejitre ;  and  longer  as  seen  from  the  Earth's  centre,  U)W 

a«  seen  from  die  mouth  of  the  Ganges For  Fori-JVelmm  r 
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n  tlie  Suik  at  'J';  and  the  s; 


St  be  at /I,  and  Ver 


when  she  appears  at  V  beginning  to  leave  the  Sun. — The  Gl 
must  be  at  C,  and  Venus  at  I(,  when  she  is  seen  from  G  i 
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If  therefore  it  should  happen  that  this  transit 
should  be  properly  observed  by  skilful  persons  at 
both  these  places,  it  is  clear,  that  its  duration 
will  be  17  minutes  longer,  as  seen  from  Port- 
Nelson,  than  as  seen  from  the  East-Lidies.  Nor  is 
it  of  much  consequence  (if  the  English  shall  at  that 
time  give  any  attention  to  this  affair)  whether  the 
observation  be  made  at  Fort-George,  commonly 
called  MadraSy  or  at  Bencooleii  on  the  \\'cstem  shore 
of  the  island  of  Sumatra,  near  the  equator.  But 
if  the  French  should  be  disposed  to  take  any  pains 
herein,  an  observer  may  station  himself  convenient- 
ly  enough  at  Pondicherry  on  the  west  shore  of  the 
bay  of  Bengal,  where  the  altitude  of  the  pole  is 
about  12  degrees.  As  to  the  Dutch,  their  cele- 
brated  mart  at  Batavia  will  afford  them  a  place  of 
observation  fit  enough  for  this  purpose,  provided 
they  also  have  but  a  disposition  to  assist  in  advanc- 
ing, in  this  particular,  the  knowledge  of  the  hea- 
vens.— And  indeed  I  could  wish  that  many  obser- 
vations of  the  same  phenomenon  might  be  taken  by 
different  persons  at  several  places,  both  that  we 
might  arrive  at  a  greater  degree  of  certainty  by 
their  agreement,  and  also  lest  any  single  observer 
should  be  deprived,  by  the  intervention  of  clouds, 
of  a  sight,  which  I  know  not  whether  any  man  liv- 
ing in  this  or  the  next  age  will  ever  see  again ;  and 
on  which  depends  the  certain  and  adequate  solution 
of  a  problem  the  most  noble,  and  at  any  other  time 
not  to  be  attained  to.  I  recommend  it,  therefore, 
again  and  a^in,  to  those  curious  astronomers, 
who  (when  I  am  dead)  will  have  an  opportunity 
of  observing  these  things,  that  they  would  remem- 

the  Sun  at  T;  and  the  same  place  must  be  at  g,  and  Venus  at  r, 
when  she  be^is  to  leave  the  Sun  at  U.  as  seen  from  g.  So  that 
Venus  must  move  from  A*  to  n  in  her  orbit,  while  she  is  seen  to  pass 
over  the  Sun  from  Port-JSTelafm ;  from  £  to  ^  in  passing  over  the 
Sun,  as  seen  from  the  Earth's  centre;  and  only  frvm  /T to  r  whOe 
she  passes  over  the  Sun,  as  seen  from  the  banks  of  the  Ganget* 
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bcr  this  my  admonition,  and  diligently  apply  ihem. 
selves  with  all  llicir  might  to  the  making  of  this  ob- 
servation ;  and  I  earnestly  wish  them  all  im;iginable 
success;  in  the  first  place,  that  they  may  not,  by 
tlie  unseasonable  obscurity  of  a  cloudy  sky,  be  de- 
prived  of  this  most  desirable  sight ;  and  tlicn,  that 
having  ascertained  with  more  exactness  the  magni- 
tudes of  the  planetary  orbits,  it  may  redound  to  iheir^ 
immortal  feme  and  glory. 

We  have  now  shewn,  that  by  this  method  the- 
Sun's  parallax  may  be  investigated  to  within  its 
five-hundredth  part,  which  doubtless  v.\\\  appear 
wonderful  to  some.  But  if  an  accurate  observation 
be  made  in  each  of  the  places  above  marked  out, 
we  have  already  demonstrated  that  the  duraiions  of 
this  eclipse  made  by  Venus  will  differ  from  each 
other  by  17  minutes  of  time;  that  is,  upon  a  sup- 
position that  the  Sun's  parallax  is  15j".  But  if 
the  difference  shall  be  found  by  observation  to  be 
greater  or  less,  the  Sun's  parallax  will  be  greater 
or  less,  nearly  in  the  same  proportion.  And  sinci 
17  minutes  of  time  are  answerable  to  lE^  secondly 
of  solar  parallax,  for  every  second  of  parallax  there 
will  arise  a  difference  of  more  than  80  seconds  of 
time;  whenci,  if  we  have  this  difference  true  to 
two  seconds,  it  will  be  certain  wtiat  the  Sun's  pa- 
rallax is  to  within  a  40th  part  of  one  second;  and 
therefore  his  distance  will  be  determined  to  within 
its  5(X)dth  part  at  least,  if  the  parallax  be  not  found 
less  than  what  we  have  supposed :  for  40  times  \2i 
make  500. 

And  now  I  think  I  have  explained  this  matter' 
fully,  and  even  more  than  I  needed  to  have  done, 
to  those  who  understand  astronomy;  and  I  would 
have  them  take  notice,  that  on  this  occasion,  I 
have  had  no  regard  to  the  latitude  of  Venus,  both 
to  avoid  the  inconverience  of  a  more  intricate  cal- 
culation,  which  would  render  the  conclusion  less 
evident ;  and  also  because  the  motion  of  the  nodes 
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of  Venus  is  not  yet  discovered,  nor  can  be  deter, 
mined  but  by  such  conjuTictions  of  the  planet  widt 
the  Sun  as  tliis  is.  For  \ve  conclude  tlial  Venus 
will  pass  4  minutes  below  the  Sim's  centre,  only 
in  consequence  of  the  supposition  that  the  plane 
of  Venus's  orbit  is  immoveable  in  the  sphere  of 
the  fixed  stars,  and  that  its  nodes  remain  in  the 
same  places  «'here  they  were  found  in  ihe  year 
1639.  But  if  Venus  in  the  year  1761,  should 
move  over  the  Sun  in  a  path  more  to  the  south, 
it  will  be  manifest  thai  her  nodes  liave  moved  back- 
ward among  the  fixed  stars ;  and  if  more  to  the 
north,  tlut  they  have  moved  forward ;  and  that  at 
die  rate  of  5j  minutes  of  a  degree  jn  100  Julian 
years,  for  every  minute  that  Venus's  path  shall  be 
more  or  less  distant  than  the  above-said  4  minutes 
from  the  Sun's  centre.  And  the  difference  be- 
tvveen  tlie  duration  of  these  eclipses  will  be  some- 
what less  than  17  minutes  of  time,  on  account  of 
Venus's  south  latitude ;  but  greater,  if  by  die  mo- 
tion of  the  nodes  forward  she  should  pass  on  the 
north  of  the  Sun's  centre. 

But  for  the  sake  of  those  who,  though  they  are 
delighted  widi  sidereal  observations,  may  not  yet 
have  made  themselves  acquainted  with  the  doctrine 
of  parallaxes,  I  choose  to  explain  the  thing  a  littie 
more  fully  by  a  scheme,  and  also  by  a  calculation 
somewhat  more  accurate. 

Let  us  suppose  that  at  London,  in  the  year  1761, 
on  the  6Ui  of  June,  at  55  minutes  after  V  in  the 
morning,  the  Sun  will  be  in  Gemini  15*  37',  and 
therefore  that  at  its  centre  the  ecliptic  is  inclined 
toward  the  north,  in  an  angle  of  6°  10' ;  and  that 
the  visible  path  of  Venus  on  the  Sun's  disc  at  tliat 
time  declines  to  the  souUi,  making  an  angle  ^vith 
the  ecliptic  of  8"^  28' :  then  the  path  of  Venus  will 
also  be  inclined  to  die  south ,  with  respect  to  the 
equator,  intersecting  the  parallels  of  declination  at 
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an  angle  of  2^  J  8'*.    Let  us  also  suppose,  that  Ve- 
nus, at  tlic  Ibrcmenlioiicd  time,  will  be  at  her  ' 
distance  IVom  the  Sun's  centre,  viz.  only  lour  mi 
nutes  to  the  south ;  and  that  ever}-  hour  she 
describe  a  space  of  4  minutes  on  die  Sun,  with  a 
retrograde  motion.     Tlie  Sun's  semidiamcter  will 
be  15'  51"  nearly,  and  that  of  Venus  374".     And 
let  IIS  suppose,  for  trial's  sake,  that  the  difi'crence  of 
the  horizontal  paralhixes  of  Venus  with  tlie  Sun 
{which  we  want)  is  31",  such  as  it  comes  out  if  thfi] 
Sun's  parallax  be  supposed  125".     Then,  on  thi 
centre  C  (Plate  XV  Fig.  2.)  let  the  little  circle. -/J?,' 
representing  the  Kartli's  disc,  be  described,  and  lei 
his  semidiamcter  CB  be  Si";  and  let  the  ecliptic 
parallels  of  22  and  5G  degrees  of  north  latitude  (for 
the  Ganges  an^  Port- A'choti)  be  drawn  within  it,  in 
the  manner  now  used  by  Astronomers  for  construct, 
ing  solar  eclipses.     Let  JiCg  be  the  meridian  in 
which  the  Sim  is,  and  to  this,  let  the  right  line  FHG 
representing  the  path  of  Venus  be  inclined  at  an  an- 
gle  of  2°  18' ;  and  let  it  be  distant  from  llic  cent 
C240  such  parts,  whereof  Ci?  is  31.    From  Clct 
fall  the  right  line  CU,  perpendicular  to  fG 
suppose  Venus  to  be  at  //  at  55  minutes  after  V  irtj 
the  morning.    Let  the  right  line  FHG  be  di\ided 
into  the  horary  space  HI  IV,  IV  \'^,  V  VI,  &c.  each' 
equal  to  CH;  that  is,  to  4  minutes  of  a  degree. 
Also,  let  die  right  line  LM  be  equal  to  the  diffc- 
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both  the  Earth's  axis  BCg  (Fig.  2.  ol  Plate  XV.)  and  tl»  »x      ._ 
Vcmis'a  orbit  CHoa  the  same  side  of  tlie  axis  ol  ihe  ecUpdc  C'A'j'l 
the  former  making  an  angle  of  6"  10'  tlierewilh,  and  the  latter  ai" 
atigle  of  8-  2a';  the diflerence of  whidi aogles  is  only  3"  IB'.    "■ 
die  troth  is,  that  the  Earth's  asis,  and  theas^is  «f  VetiiiB's  ortal, 
ihen  lie  Dii  difierent  sides  of  the  axis  nf  the  ecliptic,  the  former  tn 
ing  an  angle  of  6°  therewith,  anil  the  latter  an  angle  of  8i".  ThL_  _ 
fore,  the  sum  of  these  angles,  which  is  14' '  (and  not  their  diflcrenoQ 
S"  180.  '*  tlie  inclinaUon  of  Venus 's  risible  path  to  the  wjuato* 
ind  p»r;)Ueb  of  declination. 
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rence  of  the  apparent  semidiameters  of  the  Sun  and 
Venus,  which  is  15'  13^";  and  a  circle  behig  de- 
scribed with  the  radius  LM^  on  a  centre  taken  in 
any  point  within  the  litde  circle  A£  representing  the 
Earth's  disc,  will  meet  the  right  line  FG  in  u  point 
denoting  the  time  at  London  when  Venus  shall  touch 
the  Sun's  limb  internally,  as  seen  from  the  place  of 
the  Earth's  surface  that  answers  to  the  point  assum- 
ed in  the  Earth's  disc.  And  if  a  circle  be  describ- 
ed on  the  centre  C,  with  the  radius  LM^  it  will  meet 
the  right  line  FGy  in  the  points  F  and  G  ;  and  the 
spaces  FH  and  GH  will  be  each  equal  to  14'  4", 
which  space  Venus  will  appear  to  j>ass  over  in  3 
hours  40  minutes  of  time  at  London ;  therefore  /' 
will  fall  in  II  hours  15  minutes,  and  G  in  IX  liours 
35  minutes  in  tlie  morning.  Whence  it  is  manifest 
that  if  tlie  magnitude  of  the  Earth,  on  account  of  its 
immense  distance,  should  vanish  as  it  were  into  a 
point ;  or  if,  being  deprived  of  a  diurnal  motion,  it 
should  always  have  the  Sun  vertical  to  the  same* 
point  C;  the  whole  duration  of  this  eclipse  would 
be  7  hours  20  minutes.  But  the  Earth  in  diat  time 
being  whirled  through  1 10  degrees  of  longitude,  with 
a  motion  contrary  to  the  modon  of  Venus,  and  con- 
sequendy  the  abovemendoned  duration  being  con- 
tracted, suppose  12  minutes,  it  will  come  out  7 
hours  8  minutes,  or  107  degrees  nearly. 

Now  Venus  will  be  at  H^  at  her  least  distanct 
from  the  Sun's  centre,  when  in  the  meridian  of  the 
eastern  mouth  of  the  Ganges^  where  the  altitude  ol 
the  pole  is  about  22  degrees.  Tlie  Sun  therefore 
will  be  equally  distant  from  the  meridian  of  tliai 
place,  at  tne  moments  of  the  ingress  and  egress  ot 
the  planet,  viz.  53^  degrees;  as  the  points  a  and  I' 
(representing  that  place  in  the  Earth's  disc  AB)  are, 
in  the  greater  jxirallel,  from  the  meridian  liCg.  Bui 
the  diameter  ^of  that  parallel  will  be  to  the  distance 
aby  as  the  square  of  the  radius  to  tlu:  rectangle  undei 
tho  sines  of  Sii  and  68  degrees;  that  is.  of  1'  f?"  t< 


46'  13'".  And  by  a  good  calculation  (which,  thi 
1  may  not  tire  ihe  reader,  it  is  better  to  omitj  I  fini 
that  a  circle  described  on  n  as  a  centre,  with  the  ra- 
dius LM^  Mill  meet  Uit  right  line  FH in  llie  point 
M,  at  II  hours  20  minntcs  40  seconds ;  but  tliat  be- 
ing  described  round  b  as  a  centre,  it  will  meet  HG 
ill  the  point  A'  at  IX  hours  29  minutes  22  seconds, 
according  to  the  time  reckoned  at  I^ondon;  andj 
therefore,  Venus  will  l>e  seen  entirely  widiin  the  Sui 
at  the  banks  of  the  Ganges  for  7  hours  8  minutog 
42  sieconds  :  we  have  tlitn  rightly  supposed  tliat  t 
duration  will  be  7  hours  8  piinutes,  since  the  part  Q 
a  minute  here  is  of  no  consequence. 

But  adapting  the  calculation  to  Fort-jVc/soti, 
liud,  that  the  Sun  being  about  to  set,  Veiius  w 
enter  his  disc ;  and  immediately  after  lus  ri^ng  shftj 
■vviU  leave  the  same.  That  place  is  carried  in  the 
intermediate  time  through  the  hemisphere  opposite' 
to  the  Sun,  from  c  to  r/,  with  a  motion  conspiring] 
with  the  motion  of  Venus ;  and  therefore,  the  stay 
of  Venus  on  the  Sun  will  be  about  4  minutes 
longer,  on  account  of  die  parallax ;  so  that  il  will 
be  at  least  7  hours  24  minutes,  or  111  degrees  of 
the  equator.  And  since  the  latitude  of  the  pi: 
is  56  degrees,  as  tlie  square  of  the  radius  is  to  1 
rectangle  contained  under  the  sines  SSj  and  34 
degrees,  so  is  A3,  which  is  1'  2",  to  erf,  which  is. 
28"  33'".  And  if  the  calculation  be  justly  miide, 
it  will  appear  that  a  circle  described  on  c  as  a  cen- 
tie,  ^vith  the  radius  J-.M,  will  meet  the  right  line 
FH'in  O  at  II  hours  12  minutes  45  seconck;  and.' 
that  such  a  circle  described  on  (/  as  a  centre, 
will  meet  .ffG  in  P,  at  IX  hours  36  minutes  37, 
seconds ;  and  therefore  the  duration  at  Port-Nekoti. 
will  be  7  hours  23  minutes  52  seconds,  which 
greater  than  at  the  mouth  of  the  Ganges  h^  15 
minutes  10  seconds  of  lime.  But  if  Venus  should 
pass  over  the  Sun  without  having  any  latitude,  the 
difference  woidd  be  18  minutes  40  seconds;  and^ 
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il'  she  should  pass  4'  north  of  the  Sun's  centre,  the 
difference  would  amount  to  21  minutes  40  seconds, 
and  will  be  slili  greater,  if  the  planet's  north  latitude 
be  more  increased. 

From  the  foregoing  hypothesis  it  follows,  that  at 
London,  when  the  Sun  rises,  Venus  will  have  enter-  v» 
ed  his  disc;  and  that,  at  IX  hours  37  minutes  in  the 
morning,  she  will  touch  the  limb  of  the  Sun  inter- 
nally  at  going  off;  and  lastly,  llial  she  will  not  en- 
tirely  leave  the  Sun  till  IX  hours  56  minutes. 

It  likewise  follows  from  the  same  hypodiesis,  that 
the  centre  of  Venus  should  just  touch  the  Sun's 
northern  limb  in  tlie  year  1769,  on  the  third  ofJuTte, 
at  XI  o'clock  at  night.  So  that,  on  account  of  the 
parallax,  it  will  appear  in  the  northeni  parts  of  Abr- 
way,  entirely  within  the  Sun,  which  then  does  not  set 
to  those  parts;  while,  on  the  coasts  of  Peru  and 
Chi/i,  it  will  seem  to  tra\'el  over  a  small  portion  of 
the  disc  of  the  setting  Sun  ;  and  over  that  of  the 
rising  Sun  at  the  Molucca  Islands,  and  in  their  neigh- 
bourhood.— But  ii  the  nodes  of  Venus  be  found  to 
have  a  retrograde  motion  (as  there  is  some  reason  to 
believe  from  some  later  observations  they  havej,  then 
Venus  will  be  seen  every  where  within  the  Sun's 
disc;  and  will  afford  a  much  belter  method  for  find- 
ing the  Sun's  parallax,  by  almost  the  greatest  dif- 
ference in  the  duration  of  these  eclipses  that  can  pos- 
sibly happen. 

But  how  diis  parallax  may  be  deduced  from  ob- 
servations made  somewhere  in  the  £asf  Indies,  in 
the  year  1761,  both  of  the  ingress  and  egress  of 
Venus,  and  compared  with  those  made  in  its  going 
off  with  us,  namely,  by  applying  the  angles  oTa 
triangle  given  in  specie  to  the  circumference  of  three 
equal  circles,  shall  be  explained  on  some  otlier  oc- 
casion. 

3  R 
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ARTICLE  IV. 

Showing  thai  the  whole  method  proposed  61/  the  Doa^m 
tor  cajinot  be  put  in  practice,  ami  why. 

27.  Ill  the  above  Dissertation,  the  Doctor  has  ex- 
plained his  method  with  great  modesty,  and  even 
with  some  doubtfulness  with  regard  to  its  full  suc- 
cess. For  he  tells  us,  tliat  ijy  means  of  this  transit 
the  Sun's  parallax  ntiay  only  be  determined  uithin, 
its  five  hundredth  part,  provided  it  be  not  less  than 
12^";  that  there  may  be  a  good  observation  made 
at  Fori-JVekofi,  as  well  as  about  the  banks  of  the 
Ganges  ;  and  that  Venus  does  not  pass  more  than  ♦ 
minutes  of  a  degree  below  the  centre  of  the  Sun's 
disc. — He  has  taketr  all  proper  pains  not  to  riuse  our 
expectations  too  high,  and  yet,  from  his  well-known 
abilities,  and  character  as  a  great  astronomer,  it  seems 
mankind  in  general  have  laid  greater  stress  upon  hra 
method,  than  he  ei'er  desired  them  to  do.  Only,  as 
he  was  convinced  it  was  the  best  method  by  tvhicli 
this  important  problem  can  ever  be  soKed,  he  re 
commended  it  warmly  for  that  reason.  He  had  not 
then  made  a  sufficient  number  of  observations,  by 
which  he  could  determine,  with  certainty,  whetho" 
the  nodes  of  Venus's  orbit  have  any  motion;  or  if 
they  ha\'e,  whether  it  be  backward  or  forward  with 
respect  to  the  stars.  And  consequently,  having  not 
then  made  his  own  tables,  he  was  obliged  to  calcu- 
late from  the  best  that  lie  could  find.  But  those  ta- 
bles allow  of  no  motloi  to  Venus's  nodes,  and  also 
reckon  her  conjunction  with  the  Sun  to  be  about 
lialf  an  hour  too  late. 

28.  But  more  modern  observations  prove,  that 
tlie  nodes  of  Venus's  orbit  have  a  motion  back- 
ward, or  contrary  to  the  order  of  the  signs,  widi 
respect  to  the  fixed  stars.  And  this  motion  is  al- 
lowed for  in  the  Doctor's  tables,  a  great  part  of 
which  were  made  from  his  own  observations.    Ajk" 
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II  appears  by  these  tables,  that  Vemis  will  be  so 
much  larther  past  her  descending  node  at  the  time  of 
this  transit,  than  she  was  past  her  ascending  node  at 
her  transit,  in  November  1639  ;  that  instead  of  pas- 
sing only  four  minutes  of  a  degree  below  the  Sun's 
centre  in  this,  she  will  pass  almost  10  minutes  of  a 
degree  below  it :  on  which  account,  the  line  of  her 
transit  will  be  so  much  shortened,  as  will  make  her 
passage  over  the  Sun's  disc  about  an  hour  and  20 
minutes  less  than  if  she  passed  only  4  minutes  below 
the  Sun's  centre  at  the  middle  of  her  transit.  And 
therefore,  her  parallax  from  the  Sun  will  be  so  much 
diminished,  both  at  the  beginning  and  end  of  her 
transit,  and  at  all  places  from  which  the  whole  of  it 
will  be  seen,  that  the  difference  of  its  durations,  as 
sicen  from  them,  and  as  supposed  to  be  seen  from 
the  Earth's  centre,  will  not  amount  to  11  minutes  of 
lime. 

29.  But  this  is  not  all ;  for  although  the  transit 
will  begin  before  the  Sun  sets  to  Port-Nelson,  it  will 
be  quite  over  before  he  rises  to  that  place  next  morn- 
ing, on  account  of  its  ending  so  much  sooner  than 
as  given  by  the  tables  to  which  the  Doctor  was  oblig. 
ed  to  trust.  So  that  we  are  quite  deprived  of  the 
advantage  that  otherwise  would  have  arisen  from  ob- 
servations made  at  Port-Nelson. 

30.  In  order  to  trace  this  ^fliair  through  all  its 
intricacies,  and  to  render  it  as  intelligible  to  the  rea- 
der as  I  can,  there  will  be  an  unavoidable  necessity 
of  dwelling  much  longer  upon  it  than  I  could  other- 
wise  wish.  And  as  it  is  impossible  to  lay  down 
truly  the  parallels  of  latitude,  and  the  situations  of 
places  at  particular  times,  in  such  a  small  disc  of  the 
Earth  as  must  be  projected  in  sucli  a  sort  oi'  diagram 
as  the  Doctor  has  given,  so  as  to  measure  thereby 
the  exact  times  of  the  begimiini;  and  ending  of  tlK^ 
transit  at  any  given  place,  unltss  the  Sun's  disc  be 
made  at  least  30  inches  diameter  in  the  projection, 
and  to  which  the  Doctor  did  not  quite  trust  without 
making  some  calculations;   1  ^h^U  take  a  different 
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method,  m  which  tlie  Earth's  disc  may  be  made  as 
large  as  the  operator  pleases:  but  if  he  makes  it  only 
6  inches  in  diameter,  he  may  measure  the  quantity  J 
of  Venus's  parallax  from  the  Sun  upon  it,  both  ia  J 
longitude  and  latitude,  to  the  fourth  part  of  a  second,  I 
for  any  given  time  and  place  ;  and  then,  by  an  easy  ] 
calculation  in  the  common  rule  of  three,  he  may  find  1 
the  effect  of  the  pariillaxca  on  the  duration  of  the 
transit.     In  Uiis  I  shall  first  suppose  with  the  Doc- 
tor, that  the  Sun's  horizontal  parallax  is  13^"  ;  and  I 
consequently,  that  Venus's  horizontal  parallax  from  i 
the  Sun  is  31".    And  after  projecting  the  transit,  sol 
as  to  find  the  total  effect  of  the  parallax  upon  its  du-  1 
ration,  I  shall  next  show  how  nearly  the  Sun's  red  1 
parallax  may  be  found  from  the  observed  intervals 
between  the  times  of  Venus's  egress  from  the  Sun, 
at  particular  places  of  the  earth ;  which  is  the  method 
now  taken  both  by  the  En^f/ish  and  French  astro- 
nomers, and  is  a  surer  way  whereby  to  come  at  the 
real  quantity  of  the  Sun's  pjrallax,  than  by  observ- 
ing how  much  the  whole  contraction  of  duration 
of  the  transit  is,  either  at  Bencookn,  Batavia,  or 
Poru^kerry. 


ARTICLE  V.  ^ 

Shewing  how  to  project  the  transit  of  Ventis  on  the  Sun'a 
ditc,  aa  nernfrom  different  places  of  the  Earth;  so  at 
tojtiid  what  its  visibie  duration  must  be  at  any  ghen 
piaiey  according  to  uny  assumed  parallax  of  the  Sum 
and  from  the  observed  intervals  between  the  times  of 
Venus's  egress  from  the  Sun  af  particular  places,  tofnd 
the  Sun's  true  horizontal  parallax. 


31.  The  elements  for  this  projection  are  as  fol- 
lows : 

I.  The  true  time  of  conjunction  of  the  Sun  and 
Venus;  which,  as  seen  from  the  Earth's  centre, 
and  reckoned   according  to   the  equal   time  at 
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London,  is  on  the  6tli  of  June  1761,  at  46  mi- 
nutes 17  seconds  after  V  in  the  moniing,  accord- 
ing to  Dr.  H alley's  tables. 

II.  The  geocentric  latitude  of  Venus  at  that  time, 
y  43"  south. 

III.  The  Sun's  semidtameter,  15'  50". 

IV.  The  semidiaineterof  Venus  (from  the  Doctor's 
Dissertation),  37|". 

V.  The  difference  of  the  semidiameters  of  the  Sun 
and  Venus,   15'  I2f. 

VI.  Their  sum,  16'  27j". 

VII.  The  visible  angle  which  the  transit.line  maicea 
with  the  ecliptic  8'^  31';  the  angular  pomt  (or 
descending  node)  being  1°  6'  IS"  eastward  from 
the  Sun,  as  seen  li-om  the  Earth ;  the  descending 
node  txring  in  /  14°  29'  37",  as  seen  from  the 
Sun ;  and  the  Sun  in  n  15"  35'  55",  as  seen  from 
the  Earth. 

VIII.  The  angle  which  the  axis  of  Venus*s  n^ble 
path  makes  with  the  axis  of  the  ecliptic,  8°  31' ; 
the  southern  half  of  that  axis*  being  on  the  left 
hand  (or  eastward)  of  the  axis  of  the  ecliptic,  aa 
seen  from  the  iionhem  hemisphere  of  ttie  Earth, 
which  would  be  to  the  right  hand,  as  seen  from 
the  Sun. 

IX.  The  angle  which  the  Earth's  axis  makes  with 
the  axis  of  the  ecliptic,  as  seen  fi-om  the  Sun, 
6° ;  the  southern  half  of  the  Earth's  axis  lying  to 
the  right  hand  of  the  axis  of  the  ecliptic,  in  the 
projecdon  which  would  be  to  the  Ictt  liand,  as 
seen  from  the  Sun. 

K.  The  angle  which  the  I'^arth's  axis  makes  mth 
the  axis  of  Venus's  visible  path,  14°  31';  viz. 
the  Sum  of  No.  VIII.  and  IX. 

XI.  The  true  motion  of  Venus  on  the  Sun,  given 
by  the  tables  as  if  it  were  seen  from  the  Earth's 
centre,  4  minutes  of  a  degree  in  f>n  minutes  of 
time. 
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32.  These  elements  being  collected,  make  a  scale 
of  any  convenient  len^h,  as  that  of  Fig.  1.  in  Plate 
XVI,  and  divide  it  into  17  ctjiial  [larts,  each  of  ivhich 
shall  be  taken  for  a  minute  ol'  a  degree,  then  divide 
the  minute  next  to  the  left  hand  into  60  equal  parts 
for  secnnds,  by  diigonal  lines,  as  in  the  6gure. 
The  reason  for  dividing  the  scale  into  17  parts  or 
minutes  is,  because  the  sum  of  the  semidiameters 
of  the  Sun  and  Venus  exceeds  16  minutes  of  a  de. 
gree.     See  No.  VI. 

33.  Draw  the  right  line.4CG(Fig.  2.)fora  small 
part  of  the  ecliptic,  atid  perpendicular  to  it  draw  the  i 
right  line  CvE  for  the  axis  of  Uie  ecliptic  on  ihc- 
southeni  half  of  the  Sun's  disc. 

34.  Take  the  Sun's  semidiameter,  IS'  50"  from 
the  sciile  with  your  compasses;  and  with  that  ex- 
tent, as  a  radius,  set  one  foot  in  C  as  a  centre,  and 
describe  the  semicircle  AEG  for  the  southern  half 
of  the  Sun's  disc ;  because  the  transit  is  on  that  half 
of  the  Sun. 

35.  Take  the  geocentric  latitude  of  Venus,  9* 
43",  from  the  scale  with  your  compasses ;  and  set 
that  extent  from  C  to  v,  on  the  axis  of  the  ecliptic: 
and  the  point  v  shall  tie  the  place  of  Venus's  centre 
on  the  Sun,  at  tiic  tabular  moment  of  her  conjimc- 
lion  \\\i\\  the  Sun. 

36.  Draw  the  right  line  CBD,  making  an  angle 
of  8°  31'  ivith  the  axis  of  the  ecliptic,  toward  the 
lel't  hand ;  and  this  line  shall  represent  the  axis  of 
Venus's  geocentric  visible  path  on  the  Sun. 

37.  Through  the  pohit  of  the  conjunction  u,  in 
the  axis  of  the  ecliptic,  draw  the  right  line  qtr  for 
the  geocentric  visible  path  of  Venus  over  the  Sun's 
disc,  at  righl  angles  to  CBD,  the  axis 'of  her  orbit, 
which  axis  will  divide  the  line  of  her  path  into  two 
equal  parts  qt  and  tr. 

38.  Take  Venus's  hcwary  motion  on  the  Sun, 
4'  from  the  scale  with  your  compasses;  and  mth 
that  ex'eut  make  marks  along  the  transit-line  qtr. 
The  equal  spaces,  from  mark  to  mark,  show 
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much  of  that  line  Venus  moves  through  in  each 
hour,  as  seen  from  the  Karth's  centre,  during  her 
continuance  on  tlie  Sun's  disc. 

3y.  Divide  each  of"  these  horary-  spuccs,  from 
mark  to  mark,  into  60  equal  pans  for  minutes  of 
time;  and  set  the  hours  lo  ttie  proper  marks  in  such 
a  manner,  thai  the  irue  time  of  conjunction  of  ilte 
•  Sun  and  Venus,  46s  minutes  after  V  in  Uie  morn- 
ing,  may  fait  into  the  point  v,  where  the  iransii-hne 
cuts  the  axis  of  the  ecliptic.  So  the  point  v  shall 
denote  the  place  of  Venus's  centre  on  the  Sun,  at 
the  instant  of  her  ecliptical  (Conjunction  with  the  Sun, 
and  t  (in  the  axis  CtV  of  her  orbit)  n  ill  be  the  mid- 
die  of  her  transit ;  m  hich  is  at  24  minutes  alter  V  in 
tlie  morning,  as  seen  from  the  Karth's  centre,  and 
reckoned  by  the  equal  time  at  Londoti. 

40,  Take  the  difference  of  the  semidiameters  of 
the  Sun  and  Venus,  15'  1*}",  in  your  compasses 
from  the  scale ;  and  with  that  extent,  setting  one  toot 
in  the  Sun's  centre  C,  describe  the  arcs  A'  and  'f 
with  the  other  crossing  the  transit-line  in  the  points 
A-  and  /;  v\hich  are  the  points  on  the  Sun's  disc  that 
are  hid  by  the  ccmrecfN'enusai  ihe  moments  of  her 
two  internal  contacts  with  the  Sun's  limb  or  edge, 
at  M  and  JV:  the  former  of  these  is  the  moment  of 
Venus's  total  ingress  on  the  Sun,  as  seen  from  tlie 
Earth's  centre,  which  is  at  28  minutes  after  II  in 
the  moniing,  as  reckoned  at  London ;  and  the  btter 
is  the  moment  wlien  her  egress  from  the  Sun  begins, 
as  seen  from  the  Earth's  ctuire,  which  is  20  minutes 
after  VIII  in  the  morning  at  iMndon.  The  interval 
between  these  two  contacts  \s  5  hours  62  minutes. 

41.  The  central  ingress  of  Yarns  on  the  Hun  is 
the  moment  wlien  her  ccnire  is  on  the  Sun's  eastern 
limb  at  K,  which  is  at  15  minutes  after  two  in  the 
morning:  and  her  central  egress  from  the  Sun  is 
die  moment  when  her  centre  is  on  the  Sun's  western 
limb  at  iv :  which  is  at  33  minutes  after  VIII  in 
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the  morning,  as  seen  from  the  Earth's  centre,  and' I 
reckoned  according  to  the  time  at  London.  The  in- 
terval between  diese  times  is  6  hours  18  minutes. 

42.  Take  the  sum  of  the  semidiameters  of  the  \ 
Sun  and  Venus,  16'  274",  in  your  compasses  from 
the  scale;  and  with  that  extent,  setting  one  foot  in 
the  Sun's  centre  C,  describe  the  arcs  Q  and  R  with 
the  other,  cutting  the  transit-line  in  the  points  g  and 
r,  which  are  the  points  in  open  space  (clear  of  the  i 
Sun)  where  the  centre  of  Venus  is,  at  the  moments  J 
of  her  two  external  contacts  with  the  Sun's  limb  1 
at  S  and  fV;  or  the  moments  of  the  beginning  and  | 
ending  of  the  transit  as  seen  from  the  Earth's  cen-  I 
tre;  the  former  of  which  is  at  3  tninutes  after  II  in  1 
the  morning  at  London,  and  the  latter  at  45  minutes  | 
after  VIII,  The  interval  between  these  moments  is  f 
6  hours  42  minutes. 

43.  Take  the  semidiameter  of  Venus  37i",  in 
your  compasses  from  the  scale  ;  and  with  that  ex* 
tent  as  a  radius,  on  the  points  q,  k,  t,  I,  r,  as  cen-  \ 
tres,  descrilje  the  circles  HS,  MI,  OF,  PN,  fTT, 
for  the  disc  of  Venus,  at  her  first  contact  at  S,  her 
total  ingress  at  M,  her  place  on  the  Sun  at  the  mid' 
die  of  her  transit,  her  beginning  of  egress  at  A",  and 
her  last  contact  at  fV. 

44.  Those  who  have  a  mind  to  project  the  Earth's 
disc  on  the  Sun,  round  the  centre  C,  and  to  lay 
down  the  parallels  of  latitude  and  situations  of  places 
thereon,  according  to  Dr.  Hallev's  method,  may 
draw  Cf  for  the  axis  of  the  Earth,  produced  to  the 
southern  edge  of  the  Sun  aty,-  and  making  an  an- 
gle ECf  oi  6°  with  the  axis  of  the  ecliptic  CE: 
but  he  will-  find  it  very  difficult  and  uncertain  to 
mark  the  places  on  ih^it  disc,  unless  he  makes  the 
Sun's  scmidianK-ter  .AC  13  inches  at  least :  othtT- 
wise  the  line  Cf  is  oi  no  use  ;it  all  in  this  projec- 
tion.— The  followini^  inetliud  is  better. 

45.  In  Fig.  3.  of  PLte  XVI  make  the  \mcAB 
of  any  convenient  length,  anr!  divide  it  into  31 
equal  parts,  each  of  which  may  be  taken  for  a  second  J 
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of  Venus*s  parallax  either  from  or  upon  the  Sun 
(her  horizontal  parallax  from  the  Sun  being  sup. 
posed  to  be  31");  and  taking  Uie  hItoIc  length 
^B  in  your  compasses,  set  one  foot  in  C  (Fig.  4.) 
as  a  centre,  and  describe  the  circle  AEBD  for  the 
Earlh'ti  enlightened  disc,  whose  diameter  is  62",  or 
double  the  horizontnl  parallax  of  Venus  from  thc 
Sun.  Ill  this  disc,  draw  ./iCB  for  a  small  part  of 
the  ecliptic,  and  at  right  angles  to  it  draw  ECD  for 
the  axis  of  the  ecliptic.  Draw  also  NCS  both  for 
the  Earth's  axis  and  universal  solar  meridian,  mak* 
ingan  angle  of  6°  with  the  axis  of  the  ecliptic,  as 
seen  from  the  Sun  ;  UCI  for  the  axis  of  Venus's 
orbit,  making  an  angle  of  8°  31'  with  ECD^  the 
axis  of  the  ecliptic ;  and  lastly,  VCO  for  a  small 
part  of  Venvts's  orbit,  at  right  angles  to  its  axis. 

46-  This  figure  represents  the  Earth's  enlightened 
disc,  as  seen  from  the  Sun  at  the  time  of  the  transit. 
Tlie  parallels  of  latitude  of  London,  the  eastern 
mouth  of  the  Gangesy  Bencoolen^  and  the  island  of 
St.  Helena,  are  laid  down  in  it,  in  the  same  manner 
as  the)'  would  ap|jear  to  an  observer  on  the  Sun,  if 
thej'  were  really  drawn  in  circles  on  the  Earth's  sur- 
face (like  those  on  a  common  terrestrial  globe)  and 
could  be  visible  at  such  a  distance. — The  method 
of  delineating  these  parallels  is  the  same  as  already 
described  in  the  XlXth  chapter,  for  the  construe- 
tion  of  solar  eclipses. 

47.  The  points  whei^  the  ciirve-Uncs  (called 
hour-circles)  XI  A',  X.V,  &tc.  cut  the  parallels  of 
latitude,  or  \Kiths  of  the  four  places  above  mei^lion- 
cd,  are  the  points  at  which  tlie  places  themselves 
would  appeur  in  the  disc,  as  seen  from  die  Sun,  at 
these  hours  rcspectivelv.  When  either  place  comes 
to  Uic  solar  meridian  XCS  by  the  Earth's  rotatioa 
on  its  axis,  it  is  noun  at  ihat  place  ;  and  the  dilie- 
reiicc,  in  absolute  time,  bet^veen  the  noon  at  that 
place  and  the  noon  at  any  other  place,  is  in  propor- 
tion to  the  diBtrcnce  nf  longitude  of  these  two 
places,  reckoning  one  hour  tor  every  1 5  degrees  of 
3  S 
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longitude,  aiid  4  niimites  for  each  degree: 

the  time  if  the  longitude  be  eattt,  but  subtracting  ic 

if  the  longitude  be  west. 

48.  The  distance  of  either  of  these  places  from 
//C/ (the  axis  of  Vcnus's*  oitiil)  at  any  hour  or 
part  of  an  hour,  being  measured  upon  die  scale  A3. 
ill  Fig.  3.  will  be  equal  to  the  parallax  of  Vcnii»; 
from  the  Sun  in  the  direction  of  her  path  ;  and  thi 
parallax,  Ijeing  always  contrary  to  the  position  of  the] 
place,  is  eastward  as  long  as  the  place  keeps  on  ll 
left  hand  of  the  axis  of  the  orbit  of  Venus,  as  sd 
from  the  sun  ;  and  westward  when  the  place  gels 
the  right  hand  of  that  axis.  So  that,  lo  all  the  plac 
which  are  posited  in  the  hemispheie  Iiyi  of  thti 
disc,  at  any  given  time,  Venus  has  an  castcni  parakj 
lax ;  but  when  the  l*<arth's  diurnal  motion  carries'' 
the  same  places  into  the  hemisphere  HOI,  the  paral- 
lax of  Venus  is  westward. 

49.  When  Venus  has  a  parallax  toward  the  east, 
as  seen  from  any  given  place  on  the  lilarth's  surface, 
either  at  the  time  of  her  total  ingress,  or  beginn: 
of  egress,  as  seen  from  the  Eardi's  centre ;  add 
time  answering  to  this  parallax  to  the  time  of  ingi 
or  egress  at  the  Earth's  centre,  and  the  sum  will  be 
the  dme,  as  seci  i  from  the  given  place  on  the  Earth's 
surface  :  but  when  the  parallax  is  westward,  sub- 
tract tl>e  time  answering  to  this  parallax  from  the 
time  of  total  ingress  or  beginning  of  egress,  as  seen 
from  the  Earlh's  centre,  and  the  remainder  will  be 
the  time,  as  seen  from  the  given  place  on  the  sur- 
face, so  far  as  it  is  affected  by  this  parallax. — The 
reason  of  this  is  plain  to  every  one  who  considers, 

*  In  a  former  edition  of  lhi<i,  I  made  ■  mUUke,  in  takinj;  tlie  ni 
Mikx  in  longpitude  instcKdoftlie  pariUiiix  in  the  direction  (iftheo^ 
ofVenuB;  mid  the  paralljui  in  latitude  insteid  of  the  paTBlkx  IB  lini 
|i«r[>cndicul]ir  to  her  orbit.  But  in  thii  edition,  these  error*  m  cMd 
reeled ;  whlcli  make  snme  small  dlfTercnues  in  tlie  (luitntities  m  tba 
pnrallaiea,  »nd  in  (he  timea  depending  on  them  i  ss  will  appear  bjr 
comparing  tliem  in  this  with  tboae  in  tliB  former  edition. 
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that  an  eastern  parallax  keeps  the  planet  back,  and 
a  western  parallax  carries  it  forward,  with  respect  to 
its  true  place  or  position,  at  any  instant  of  time,  as 
seen  from  the  Earth's  centre, 

50«  The  nearest  distance  of  any  given  place  from 
VCO^  the  plane  of  Venus's  orbit  at  any  hour  or 

firt  of  an  hour,  being  measured  on  the  scale  AB  in 
ig.  3,  will  be  equal  to  Venus's  parallax  in  lines 
perpendicular  to  her  path ;  which  is  northward  from 
the  true  line  of  her  path  on  the  Sun,  as  seen  from 
the  Earth's  centre,  if  the  given  place  be  on  the  south 
side  of  the  plane  of  her  orbit  KCO  on  the  Earth's 
disc ;  and  the  contrarj^,  if  the  given  place  be  on  the 
north  side  of  that  plane ;  that  is,  the  parallax  is  aU 
ways  contrary  to  the  situation  of  the  place  on  the 
Earth's  disc,  with  respect  to  the  plane  of  Venus's 
orbit  on  it. 

51,  As  the  line  of  Venus's  transit  is  on  the 
southern  hemisphere  of  the  Sun's  disc,  it  is  plain 
that  a  northern  parallax  will  cause  her  to  describe  a 
longer  lind  on  the  Sun,  than  she  would  if  she  had  no 
such  parallax  ;  and  a  southern  parallax  will  cause  her 
to  describe  a  shorter  line  on  the  Sun,  than  if  she  had 
no  such  parallax. — And  the  longer  this  line  is,  tlie 
sooner  will  her  total  ingress  be,  and  the  later  will 
be  her  beginning  of  egress ;  and  just  the  contrary, 
if  the  line  be  shorter.— But  to  all  places  situate  on 
the  north  side  of  the  plane  of  her  orbit,  in  the  hemis- 
phere VHO^  the  parallax  in  lines  perpendicular  to 
her  orbit  is  south  ;  and  to  all  places  situate  on  the 
south  side  of  the  plane  of  her  orbit,  in  the  hemis- 
phere VIO^  this  parallax  is  north.  Therefore,  the 
line  of  the  transit  will  be  shorter  to  all  places  in  the 
hemisphere  VHO^  than  it  will  be,  as  seen  from  the 
Earth's  centre,  where  there  is  no  parallax ;  and  long- 
er to  all  places  in  the  hemisphere  VIO.  So  that  the 
time  answering  to  this  parallax  must  be  added  to  the 
time  of  total  ingress,  as  seen  from  the  Earth^s  centre, 
and  subtracted  from  the  beginning  of  egress,  as 
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seen  from  the  Earth's  centre,  in  order  to  have 
true  time  of  total  ingress  and  beginning  of  egress 
seen  from  places  in  the  hemisphere  VHO:  and  just 
the  reverse  for  places  in  the  hemisphere  VIO. — It 
was  proper  to  mention  these  circumstances,  for  the 
reader's  more  easily  conceiving  the  reason  of  apply- 
ing the  times  answering  to  these  parallaxes  in  the 
subsequent  part  of  this  article :  for  it  is  their  sum  in 
some  cases,  and  their  difference  in  others,  which  be- 
ing  applied  to  the  times  of  total  ingress  and  beginning 
of  egress  as  seen  from  the  Earth's  centre,  that  «-iU 
give  the  times  of  these  phenomena  as  seen  from  given 
places  on  the  Earth's  surface. 

52.  The  angle  u-hich  the  Sun's  semidiameter 
subtends,  as  seen  from  the  Earth,  at  all  times  of  the 
year,  hus  been  so  n'ell  ascertained  by  late  observa- 
tions, llKit  «e  can  make  no  doubt  of  its  being  15'  50" 
on  the  day  of  the  transit ;  and  Venus's  latitude  has 
also  been  so  well  ascertained  at  many  different  times 
of  late,  that  we  have  very  good  reason  to  believe  it 
will  be  9'  43"  south  of  the  Sun's  centre  at  the  lime 
of  her  conjunction  with  the  Sun. — If  then  her  semi- 
diameter  at  that  time  be  37|"  (as  mentioned  by  Dr. 
Halley)  it  appears  by  the  projection  (Fig.  2.)  that 
her  total  ingress  on  the  Sun,  as  seen  from  the  Earth's 
centre,  will  be  at  28  minutes  after  two  in  the  morn- 
ing (}40.),  and  her  beginning  of  egress  from  the  Sun 
will  be  20  minutes  after  VIII,  according  to  the  time 
reckoned  at  Lomfon. 

53.  As  tlie  total  ingress  will  not  be  visible  at  Lon- 
don we  shall  not  here  tiouble  the  reader  about  Ve- 
nus's parallax  at  that  time. — But  by  projecting  the 
situation  of  London  on  the  Earth's  disc  (Fig.  4.)  for 
the  time  when  the  egress  lugins,  wc  find  it  will  then 
be  at  /,  as  seen  from  Itie  Sun. 

Draw  td  parallel  to  Venus's  orbit  VCO,  and  tu 
perpendicular  to  it :  the  former  is  Venus's  eastern 
parallax  in  the  direction  of  her  path  at  the  beginning 
of  her  egress  from  the  Sun,  and  the  latter  is  her 
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southern  parallax  in  a  direction  at  right  angles  to  her 
path  at  the  same  time.     Take  these  in  your  com- 
passes, and  measure  them  on  the  scale  v4^  (Fig.  3.)  ; 
and  you  will  find  the  former  parallax  to  be  lOJ", 
and'the  latter  2H''. 

54.  As  Venus's  true  motion  on  the  Sun  is  at  the 
rate  of  four  minutes  of  a  degree  in  60  minutes  of  ] 
time  {See  No.  XI.  ofij  31.)  bay,  as  4  minutes  of  a 
degree  is  to  60  minutes  of  time,  so  is  lOJ"  of  a  de- 
gree to  2  minutes  41  seconds  of  lime ;  wliich  being  . 
added  to  VIII  hours  20  minutes  (because  this  paral-.  J 
lax  Is  eastward,  i  49.)  gives  VIII  hours  22  minutes  I 
41  seconds,  for  the  beginning  of  egress  al  London  i 
as  affected  only  by  this  parallax. — But  as  Venus  has  I 
a  southern  paraltiix  at  that  time,  her  beginning  of  I 
egress  will  be  sooner ;  for  this  parallax  sliortcns  the  i 
line  of  her  visible  transit  at  iMtidoTi,  * 

55.  Take  the  dlstaiice  Ct  (Fig.  2.),  or  nearest  ap- 
proach of  the  centres  of  the  Sun  and  Vemis  in  your 
compasses,  and  measure  it  on  the  scale  (Fig.  1.), 
and  it  will  be  found  to  be  9'  30i";  and  as  the  pa- 
rallax of  Venus  from  the  Sun  in  a  direction  which  1 
is  at  right  angles  to  her  path  is  2H"  soudi,  add  it  to  , 
9'  361",  and  the  sum  ivill  be  9'  58";  »\hich  Is  to 
be  taken  fiom  the  scale  in  Fig.  1.  and  set  from  C 
ID  jL  in  Fig.  2.     And  then,  if  a  line  be  drawn  pa- 
rallel to  t/,  it  will  terminate  at  the  point  f>  in  the  arc 
Tt  where  Vfnus's  cenue  will  be  at  the  btginning  of 
her  egress,  as  seen  from  Londov*. — But  as  her  cen- 
tre is  at  /  when  her  egress  Ijeglns  as  sceti  from  the  j 
Earth's  centre,  take  Lp  in  your  compasses,  and 
setting  tliat  extent  from  /  towaid  /  on  the  central  i 
tranfflt.line^  you  will  Gnd  it  to  be  5  minutes  sliorter 
than  ///  therefore  suljtract  5  minutes  from  V  III  hours  | 
32  minutes  41  seconds,  and  there  will  remain  VIII  J 

*  The  reason  why  ihe  lines  oZ^  aSi.cf,  Mid  (A,  wh>d>  arc  Hie  ft  J 
miilc  wiimitB  M  Loadon,  Ihc  Gangii  monlh,  Btumotra,  ftiiil  St.  Bt^na, 
arc  nol  parallel  lo  the  ecniral  lrai»it-line  lit,  is  bueauae  ihe  ptrdt  ^ 
laxc*  in  UtituHe  are  lUflbrcnt  atlhe  timEi  or  inEreii  anil  cptat,  o 
»cen  from  each  of  these  places.    The  nietliod  orjrawing  tlnii^  llnot 
viU  be  iliown  by>ui[l-by. 


The  Method  ofjinding  the  Distances 


hours  17  minutes  41  seconds  for  the  visible  begin- 
ning of  egress  in  the  morning  at  London. 

56.  At  V  hours  24  minutes  (which  is  the  middle 
of  the  transit,  as  seen  from  the  Earth's  centre)  Xrtfl- 
don  utU  be  at  jL  on  the  Earth's  disc  (Fig.  4.)  as  seen 
from  the  Sun.  The  parallax  JLa  of  Venus  from  the 
Sun  in  the  direction  of  htr  path  is  then  12J" ;  by 
which,  working  as  above  directed,  we  find  ihe  mid- 
die  of  the  transit,  as  s<cn  from  London,  will  be  at  V 
hours  20  miimies  53  seconds. — This  is  not  affected 
by  Lt  the  punillax  at  right  angles  to  the  path  of  Ve- 
nus.— But  Lt  measures  27"  on  the  scale  jiB  (Fig. 
3.) ;  therefore  take  27"  from  the  scale  in  Fig.  I.  and 
set  it  from  /  to  L,  on  the  axis  of  Venus's  path  in 
Fig.  2.  and  laying  a  ruler  to  the  point  L,  and  the 
above-found  point  of  egress  p,  draw  oLp  for  the  line 
of  the  transit  as  seen  iroiu  London. 

57.  The  eastern  mouth  of  the  river  Ganges  is  89 
degrees  east  from  the  meridian  of  London ;  and 
therefore,  when  the  time  at  London  is  28  minutes 
after  II  in  the  morning  (^  40.)  it  is  24  minutes  past 
VIII  in  the  morning  (by  J  47.)  at  the  mouth  of  thft 
Ganges  ;  and  when  it  is  tMenty  minutes  past  VIII  in, 
the  morning  at  I^ondon  ( j  40.)  it  is  16  minutes  past 
II  in  the  aitenioon  at  the  Ganges.  Therefore,  by 
projecting  that  place  upon  the  Karth's  disc,  as  seen 
from  the  Sun,  it  will  be  at  G  (in  Fig.  4.),  at  the  itme 
of  Venus's  total  ingress,  as  seen  from  the  Karth's  cen- 
tre, and  at  g  when  her  egress  begins. 

Draw  Ge  and  gr  parallel  to  the  orbit  of  Venus 
f^CO,  and  measure  them  on  the  scale  .4B  in  Fig.  3. 
the  former  will  be  21"  for  Venus's  eastern  panillax 
in  the  difLction  of  her  path,  at  the  above-mentioned 
time  of  her  total  ingress,  and  the  latter  will  be  16\" 
(or  her  western  parallax  at  the  time  when  her  egress 
liegins. — The  former  parallax  gives  5  minutes  15 
seconds  of  time  (by  the  analogy  in  ^  54.)  to  be  ad- 
ded to  Vm  hours  24  minutes,  and  the  latter  paral- 
lax  gives  4  minutes  11  seconds  to  be  subtracted 
from  II  hours  16  minutes;  by  which  we  have  VIII 
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hours  29  minutes  15  seconds,  for  the  time  of  total 
ingress,  as  seen  from  the  banks  of  the  Ganges,  and 
II  hours  1 1  minutes  49  seconds  From  the  beginning 
of  egress,  as  affected  by  these  piirallaxes. 

Draw  Gf  perpendicular  to  Venus's  orbit  f'OCf 
and  by  measnrtment  on  the  scale  JH  (Fig.  o.)  it 
will  be  found  to  contain  10" :  take  10"  from  the 
scale  in  Fig.  1.  and  find,  by  trials,  a  point  c,  in  the 
arch  .V,  wliere,  if  one  foot  of  the  compasses  be  placed, 
the  oilier  will  just  touch  the  central  transit-line  tr{. 
Take  the  nearest  distance  from  this  point  c  to  CL, 
the  axis  of  Venus's  orbit,  and  applying  it  from  t  to- 
ward ^,  you  will  find  It  iall  a  minute  short  of  k; 
which  shows,  Uiat  Venus's  parallax  in  this  direction 
shortens  the  beginning  of  the  line  of  her  visible  tran- 
at  at  the  Ganges  by  one  minute  of  lime.  Therefore, 
as  this  makes  the  visible  ingress  a  minute  later,  add 
one  m'uiuie  to  the  above  VIII  hours  29  minutes  15 
seconds,  and  it  will  give  VIII  hours  30  minutes  15 
seconds  for  the  time  of  total  ingress  in  ihe  morning, 
as  seen  from  the  eastern  mouth  of  the  Ganges.  At 
the  beginning  of  egress,  the  parallax  gp  in  the  same 
direcliuiiis21i"(by  measurement  on  the  scale  ./^^A 
which  will  protract  the  beginning  of  egress  byaboul 
SO  seconds  of  time,  and  must  therefore  be  added  to 
theabove<-lI  hours  li  minutes  49  seconds,  which 
will  m:ike  the  visible  beginning  of  egress  to  be  at  II 
hours  1:2  minutes  19  seconds  in  tlie  Bfiertiooii. 

58.  Bencoolen  is  1U2  degrees  east  from  the  meri- 
dian oi  Londoti;  and  therc^re,  whrn  the  lime  is  28 
minutes  past  II  in  the  morning  at  iMndon,  it  is  16 
minutes  past  IX  in  the  mnrningat  /iencoo/en:  and 
,when  ii  is  20  miimtes  past  VII[  in  iIl.  ii-..,r..i;L.- m 
London,  it  is  8  mrnutc:>  pust  III  in  ' 
Bmeoalen.    Thereforr,  in  I'ig.  4.  7' 

at  ^ut  the  lime  of  Venus's  total  i;       „  .  -. 

from  the  Eanb's  centre ;  aud  at  tt  wUui  hex  cgna* 
begins. 
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Draw  Bi  and  bk  parallel  to  Venus's  orbit  VCO% 
and  measure  them  on  the  scale :  the  former  will  be 
found  to  be  22"  for  Venus's  eastern  parallax  in  the 
direction  of  her  path  at  the  time  of  htx  total  ingress ; 
and  the  latter  to  be  Itij"  for  lier  western  parallax  in 
the  same  direction  when  her  egress  begins,  as  seen 
from  the  Earth's  centi-e.  The  first  of  these  parallaxes 
gives  5  minutes  30 seconds  (by  the  analogy  in  \  54.) 
to  be  added  to  IX  hours  16  minutes,  and  the  latter 
parallax  gives  4  minutes  52  seconds  to  be  subtracted 
from  III  hours  8  minutes;  whence  we  have  IX 
hours  21  minutes  30  seconds  for  the  time  of  tot^j 
ingress  at  Bencoolen:  and  III  hours  3  minutes  and 
8  seconds  for  the  time  when  the  egress  begins  there, 
as  affected  by  these  two  parallaxes. 

59.  Dr.iw  Im  and  bm  perpendicular  to  Venus's 
orbit  WO,  and  measure  thtm  on  the  scale  AB  :  the 
former  will  be  5"  for  Venus's  northerii  parallax  in  a 
direction  perpendicular  to  her  path,  as  seen  from 
Bencoolai,  at  the  lime  of  her  total  ingress;  and  the 
latter  will  be  15{"  for  her  northern  parallax  in  that 
direction  when  her  egress  begins.  Take  these  pa- 
rallaxes from  the  scale,  Fig.  1.  in  your  compasses, 
and  find,  by  trials,  two  points  in  the  arcs  JVand  T 
(Fig.  2.)  where  if  one  foot  of  the  compasses  be 
placed,  the  other  will  touch  the  central  transit-line 
kl:  draw  a  I'me  from  a  to  6,  for  the  line  of  Venus's 
transit  as  seen  from  Bencoo/en;  the  centre  of  Venus 
being  at  a,  as  seen  from  Sencoolen,  at  the  moment 
of  her  total  ingress;  and  at  b  at  the  moment  when 
her  egress  begins. 

But  as  seen  from  the  Earth's  centre,  the  centre 
of  Venus  is  at  k  in  the  former  case,  and  at  /  in  the 
latter:  so  that  we  find  the  line  of  the  transit  is 
longer  as  seen  from  Bencoulcn  than  as  seen  from  the 
Earth's  centre,  which  is  the  effect  of  Venus's  north, 
em  panilldx. — Take  Ba  in  your  com|)asses,  ; 
setting  that  extent  backward  from  t  toward  g, 
the  central  iransit-line,  you  will  find  it  will  re 
two  minutes  beyond  k:  and  taking  the  extent  i?&i 
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in  your  compasses,  and  setting  it  fonvard  from  t  to- 
n-ard  w,  on  the  central  transit- line,  it  tvill  be  tbund 
to  reach  3  minutes  beyond  /.  Conseciuenily,  if  we 
subtract  2  minutes  from  IX  hours  21  minutes  30 
seconds  (above  found),  we  have  IX  hours  19  mi- 
nutes 30  seconds  in  the  morning,  for  the  linie  of 
total  ingress,  as  seen  from  Bencoolen  :  and  if  we  add 
3  minutes  to  the  above-found  III  hours  3  minutes'"  ] 
8  seconds,  we  shall  have  III  hours  6  miimtcs  8  se- 
conds afternoon,  for  the  time  when  the  egress  be- 
gitis,  as  seen  from  bencoolen. 

60.  The  whole  duration  of  the  transit,  from  th^ 
total  ingress  to  the  beginning  of  egress,  as  seen  from 
the  Earth's  centre,  is  5  hours  52  minutes  (by  J  40.); 
but  the  whole  duration  from  the  total  ingress  to  the 
beginning  of  egress,  as  seen  from  Bencoolen,  is  only 
5  hours  46  minutes  38  seconds :  which  is  5  minutes 
22  seconds  less  than  as  seen  from  the  Earth's  cen-  ' 
tre:  and  this  5  minutes  22  seconds  is  the  whole 
eBect  of  the  paralbxes  (both  in  longitude  and  lati- 
tude) on  the  duration  of  the  transit  at  Bencoolen. 

But  the  duration,  as  seen  at  the  moutli  of  tlie*  | 
Ganges,  from  ingress  to  egress,  is  still  less ;  for  it 
is  only  5  hotu-s  42  minutes  4  seconds ;  whicii  is  9 
minutes  56  seconds  less  than  as  seen  from  the  Karth's 
centre,  and  4  minutes  34  seconds  less  tlian  as  secq 
at  Bencoolen. 

61.  The  island  of  St.  Helena  (to  which  only  a 
small  part  of  the  transit  is  visible  at  the  end)  will  . 
be  at  //(as  in  Fig.  4.)  when  the  egress  begins  aa  '■ 
^cen  fiom  the  Earth's  centre.     And  since  tlic  mid- 
dle ol"  that  island  is  6"  west  from  die  meridian  of  , 
l^ndony  and  tiie  said  egress  begins  vvhen  the  time 
at  London  is  20  minutes  past  Vill  in  the  morning, 

it  v.'A\  dicn  be  only  56  minutes  past  VII  in  die 
nionmig  at  St.  Helena.  \ 

l>raw  Hn  parAllel   to  Venua's  orbit  FCO,  and  ' 
/To  perpendicular  to  it;  and  by  measuring  tlietn  oa 
the  scale  AB  (Fig.  3.)  the  ibrmer  will  be  found  to 
amount  to  29"  for  Venus's  eastern  parallax  in  the 
3T 
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direction  of  her  path,  as  seen  from  St.  Helena,  whett 
litr  egress  begins,  as  seen  from  (lie  Earth's  centre  ji 
and  the  latter  to  be  6"  lor  her  nortliem  parallax  inJ 
a  direction  at  right  angles  to  her  path. 

By  the  analogy  in  ^  54,  the  parallax  in  the  direc-  ] 
tion  of  the  path  of  Venus  gives'  10  minutes  2  se-  1 
condsof  time;  uhich  being  added  (on  account  pf  1 
its  being  eastward)  to  VII  hours  56  minutes,  give»  J 
VIII  hours  6  minutes  2  seconds  for  the  beginningj 
of  egress  at  St.  Helena,  as  aflccled  by  this  parallax,! 
— But  fi"  of  parallax  in  a  perpendicular  direction  t* 
ber  path  (applied  jisin  the  aseoi  Bencool^ii)  length-' 
ens  out  the  end  of  the  transit-line  by  one  minute  ; 
which  being  added  to  VIII  hours  6  minutes  2  sc-  1 
conds,  gives  VIII  hours  7  niinutes2sccondslbrthe  I 
bcginning'of  egress,  as  seen  from  St.  Helena. 

62,  We  shall  noiv  collect  the  abo\'e-mejitioned  j 
times  into  a  small  table,  that  they  may  be  seen  at  j 
once,  as  follows ;  M  signifies  morning,  A  altenioon./ 

Totil  meress.  1  Bee.  of  egtess. 

U.  Af  S.  tf.  M.  S. 

fe  Earth's  centre  U   3H   0.1/  |  VIII  20    OM 

•Hion    -    -    -    Invisahle    il/    VUI  V  ilM 

e  Gangct  nuMth  ViU  30 ISM       11  12  19  jf 
ncoolm      -      -     IX  19  30jW      111         6    8  -J 

nelaux     .     ~    Inviaiblc  Al  |  VIU  T    2AJ 

63.  The  times  at  the  three  last-mentioned  places 
arc  reduced  to  the  meridian  of  Londoit,  by  dub- 
trading  5  hours  56  miiiutcs  from  the  times  oi'  in-  _ 
gress  and  egress  at  the  Ganges;  6  hours  48  m 
uutes  from  tlic  times  at  Bencoolen;  ai)d  adding  i^ 

'  This  dur&lSon  as  seen  from  the  Earth's  centre,  Is  o 
TlialibL'senii^rfmeterof  Venus  would  befiiund  Mualtoiif  j  ,  m 
hanN  disc  us  slated  by  Dr.  HaUey  {see  Art.  V.  f  31.),  to  nili( 
Uieotfaerdnraikuiitai-e  accomnuxliited.— But,  from  Inter  dam 
U<ins,  it  is  high])'  prdiable,  that  (he  semidtameter  of  VenlU  V 
fnilnil  iiol  to  FXi'.ced  So"  on  the  Sun ;  and  if  so,  the  dunktiAn  be 
the  two  internal  contacts,  lis  seen  tram  ihe  Eartli'a  centre,  w! 
houreSS  niiiiutes;  and  the  <luration  as  seen  from  the  above 
^oned  places,  will  be  lengUi-enul  veiy  nearly  io  the  fMOX  pi 
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minutes  to  the  time  of  beginning  of  egress  at  St. 
Helena:  and  being  thus  reduced,  they  are  as  fol- 
lows : 


Totil  Ingress. 

H.M.S. 

Times  at  rGon^^f  mouth    11  34  isM 

London  <BtncQolen    -    -  II  31  SOA/ 

for      t^.  Helena  -    -  Invisible  3/ 


Beg.  of  egress. 

H.  M.S. 

VlU  16  19M')  Dura- 
Vlll  18  8iVyCti<)ns  ay 
VIII  31    2AO  above. 


64  All  tliis  )s  on  supposition,  that  we  have  the 
true  longitudes  of  the  three  last-mentioned  places, 
that  the  Sun's  horizontal  parallax  is  V2\''  that  the 
true  latitude  of  Venus  is  given,  and  that  her  semi- 
diameter  will  subtend  an  angle  of  37i"  on  the  Sun's 
disc. 

As  for  the  longitudes,  we  must  suppose  them  true, 
until  the  observers  ascertain  therii,  which  is  a  very- 
important  part  of  their  business ;  and  without  which 
they  can  by  no  means  find  the  interval  of  absolute 
time  that  elapses  between  either  the  ingress  or  egress, 
as  seen  fn^m  any  two  given  places :  and  there  is 
much  greater  dependence  to  be  had  on  this  elapse, 
than  u^wn  the  whole  contraction  of  duration  at  any 
given  place,  as  it  will  undoubtedly  afford  a*  surer 
basis  for  determining  the  Sun's  parallax. 

65.  I  have  good  reason  to  believe  that  the  latitude 
of  Venus,  as  given  in  J  31,  wi'l  be  found  by  obser- 
vation to  be  very  near  the  truth ;  but  that  the  time 
of  conjunction  there  mentioned  will  be  foimd  later 
than  the  true  time  by  almost  5  minutes ;  that  Vcnus's 
semidiameter  will  subtend  an  angle  of  no  more  than 
30"  on  the  Sun's  dkc ;  and  that  the  middle  of  her 
transit  as  seen  from  the  Earth's  centre,  will  be  at  24 
minutes  after  V  in  the  morning,  as  reckoned  by  tlic 
equal  time  at  London. 

66.  Subtract  VIII  hours  17  minutes  41  seconds, 
the  time  when  the  egress  begins  at  London^  from 
VIII  hours  31  minutes  2  seconds,  the  time  reckoned 
at  London  when  the  egress  begins  at  St.  Helena^  and 
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(here  will  remain  13  minults  21  seconds  (or  801  sc- 
conds)  for  their  difftreiice  or  elapse,  in  absolute  time, 
between  the  beginiung  of  egress,  as  seen  from  these 
two  places. 

Divide  801  seconds  by  the  Sun's  parallax  12i", 
and  the  quotient  will  be  64  seconds  and  a  small  ii^c- 
tion.  So  that  for  each  second  of  a  degree  in  the 
Sun's  horizontal  pai-ailax  (supposing  it  to  be  li^") 
there  « ill  be  a  difference  or  elapse  of  64  seconds  of 
absolule  time  bctuecn  the  beginning  of  egress  as 
seen  from  London,  and  as  seen  from  St.  Helena! 
and  consequently  32  seconds  of  lime  for  every  lialf 
second  of  the  Sun's  parallax  ;  16  seconds  of  time  for 
every  fourth  part  of  a  second  of  the  Sun's  parallax  t 
8  seconds  of  time  for  the  eighth  part  of  a  second  of 
the  Sun's  [larallax;  and  full  4  seconds  for  a  sixteenth 
part  ol  the  Sun's  paroUux.  For  in  so  small  an  angle 
as  that  of  the  Sun's  parallax,  the  arc  is  not  sensibly 
diflerent  from  either  its  sine  or  its  tangent:  and 
tilcrefore  the  qtiantily  of  this  parallax  is  in  direct 
proportion  to  the  absolule  difference  in  tlic  time  of 
egress  arising  from  it  at  different  parts  of  the  Earth. 

67.  Therefore,  wlien  this  difference  is  ascertained- 
by  good  observations,  made  at  different  places,  and 
compared  together,  the  true  quantity  of  the  Sun's 
|)arallax  Mill  be  very  nearly  determined,  i'or, 
since  it  may  be  presumed  that  the  beginning  vk 
egress  can  he  observed  within  2  seconds  of  its  real 
time,  tlie  Sun's  pariJlax  may  then  be  found  wiiJiin 
the  32d  part  of  a  second  of  its  true  quantity  j  and 
consequently,  his  distance  may  be  found  M'ithin  a 
400th  part  of  the  whole,  provided  his  ]>arallax  be 
-not  less  than  12|";  for  32  times  12J  is  400. 

68.  But  since  Dr.  Haliey  has  assured  us,  thj 
he  had  obser^-ed  the  two  internal  contacts  of  the" 
planet  Mercury  with  tlie  Sun's  edge  so  exactly  as 
iiot  to  err  one  second  in  tlie  time,  we  may  wcU  im- 
agine that  the  internal  contacts  of  Veims  with  the 
Sun  may  be  obseried  with  as  great  accuracy.     So, 
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that  we  may  hope  to  have  the  absolute  interval  be- 
t«Ten  the  moments  of  her  beginning  of  egress,  as 
seen  from  London,  and  from  St.  Helena,  true  to  a 
second  of  time  ;  and  if  so,  the  Sun's  punillax  may  be 
determined  to  the  64lh  part  of  a  Second,  provided 
it  be  not  less  than   12i"  :  and  consequently  his  dis-  J 
tance  may  be  found,  within  its  800th  part ;  for  04  ] 
times  1^5  is  800:  which  is  still  nearer  the  truth] 
than  Dr.  Haliey  expected  it  might  be  found  byj 
observing  the  whole  duration  of  ^le  transit  in  the,! 
East-Jndies  and  at  Port-NeJson.     So  that  our  pre-  I 
sent  astronomers  havejudieioublyi-esolved  to  improvei 
tlie  Doctor's  method,  by  taking  only  the  internal  b&vl 
tween  the  absolute  times  of  ils  ending  at  different'* 
places.     If  the  Sun's  parallax  be  greater  or  less  than 
121",  the  elapse  or  difference  of  absolute  time  between 
the  beginning  of  egress  at  London  and  at  St,  Helena, 
will  be  found  by  observation  to  be  greater  or  less 
llian  801  seconds  accordingly. 

69.  There  will  also  be  a  great  difference  between 
the  absolute  dmes  of  egress  at  St.  Helena  and  llic 
northern  parts  of  Russia,  which  would  make  lljcse 
places  vt-ry  proper  for  observation.  The  difference 
betiveen  thtra  at  Tobolsk  in  Siberia,  and  at  St.  Hele- 
na,\\'\W  be  II  minutes,  according  to  De  L'Isle's 
map  ;  at  Arciiangt-l  it  \\'\\\  be  but  aljout  40  seconds 
less  than  at  Toliohk:  and  only  a  minute  and  aquar- 
ter  less  at  Peterahurgh,  even  if  tlie  Sun's  parallax 
be  no  more  than  lOJ".  At  IfardAus  the  same  ad- 
vantage would  nearly  be  gainc-das  at  'JohoUk  ;  but  if 
the  observers  could  go  slill  fardier  to  the  cast,  as  to 
y'akoutsk  in  Siberia,  the  ;id\antage  would  be  still 
greater:  for,  as  M.  De  L'Isle  very  justly  ob- 
sei'vcs,  in  a  memoir  presented  to  the  French  king 
with  his  map  of  the  transit,  the  difference  of  time 
between  Venue's  egress  from  the  Sun  at  }'al,outsk 
aitd  at  the  Capr  of  Good  Hope  will  be  ISj  minutes. 

70.  This  method  requiics  that  the  longitude  Ol' 
etich  place  df  observation   be   asceriaincd  to  the 
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greatest  degree  of  nicety,  and  that  each  observer'* 
clock  be  exactly  regulated  to  the  equal  time  at  hia 
place  :  for  without  these  particulars  it  would  be  im- 
possible for  the  obscners  to  reduce  tlie  times  to  those 
which  arc  reckoned  under  any  given  meridian;  and 
without  reducing  tlie  observed  times  of  egress  at  dif- 
ferent places  to  the  time  at  some  givtu  place,  the  ab- 
solute time  that  elapses  between  the  egress  at  one 
filace  and  at  another  could  not  be  found.  But  the 
ongitudes  may  be  found  by  observing  the  eclipses 
of  Jupiter's  satelliles ;  and  a  true  meridian,  for  rcgu- 
latingthe  clock,  to  tlic  time  at  any  place,  may  be  had 
bj  observing  when  any  given .  star  within  20  or  30 
degrees  oi'  the  pole,  is  stationary  wilh  regard  to  its 
azinuith  on  llic  east  and  west  sides  of  the  pole  ;  the 
pole  itself  being  the  middle  point  between  these  two 
stalionarj-  positions  of  the  star.  And  it  is  not  mate- 
rial  for  the  obser\*ers  to  know  exactly  eitlier  the  true 
angular  measure  of  the  Sun's  diameter,or  of  Venus's, 
in  this  case;  for  whatever  their  duiioclers  be,  it  will 
make  no  sensible  difference  in  the  observed  interval 
bet\\ecn  the  same  contact,  as  seen  from  different 
places. 

71.  In  the  geometrical  construction  of  transits, 
the  scale  AB  (Hg.  3.  of  Plate  XVI)  may  be  di- 
▼ided  into  any  given  number  of  equal  parts,  an- 
swering to  any  assumed  quantity  of  \'eiuis's  hori- 
zontal parallax  Irom  the  Sun  (which  is  abvays  the 
difference  between  the  horizontal  parallax  of  Venus 
and  that  of  the  Sun),  provided  the  whole  length  of 
the  scale  be  equal  to  the  semidianieter  of  the  Larlh's 
disc  in  Fig,  4. — Thus  if  we  suppose  Venus's  hori- 
zontal parallax  from  the  Sun  to  be  only  26"  (in- 
stead of  31")  in  which  case  the  Sun's  horizoHtnl 
parallax  must  be  10".  3493,  as  in  J  20,  the  rest  of 
the  projection  will  answer  to  that  scale:  as  CD, 
which  contains  only  26  equal  parts,  is  tlie  same 
length  as  .'^5,  which  contains  31.  And  by  work- 
ing in  all  other  respects  as  taught  from  j  45  to 
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4  62,  j'ou  nill  find  the  times  of  total  ingi-ess  and  bc- 
giaiiing  of  fgruss ;  and  consequciilly  the  duration  of 
tJie  trdiibit  at  any  given  place,  which  must  result  from 
such  a  parallax. 

72.  in  projections  of  tliis  kind,  it  may  be  easily 
conct-ived,    that   a  right  line   passing  continuall] 
tlirough  tlie  centre  of  Venus,  and  a  given  point  o 
the  Earlli,   and  produced  to   llie  Sun's  disc,  wittfl 
mark  the  p;ith  of  Venus  on  the  Sun,  as  seen  frOn|tl 
the  ^ven  point  of  the  Earth  :  and  in  this  there  arft^ 
three  cases.       1.    When   the    given   point   is    ' 
Karlh's  centre,  at  which  thcfc  is  no  parallax,  citl 
in  longttude  or  latitude.     2.  \VIien  the  given  pc 
is  one  of  ihf  polts,  where  there  is  no  parallax-* 
longitude  ;  but  a  parallax  of  latitude,  whose  quantirtr'l 
is  easily  determined,  by  letting  fall  a  perpendicular  1 
from  (he  pole  upon  die  plane  of  the  cclipiic.  and  set- 
ting off  the  panillux  of  latitude  on  this  perpendicu- 
lar: and  here  the  polar  transit-Unes  will  be  [lanillel 
to  the  central,  as  tlie  poles  have  no  motion  arising 
from  the  EarUi's  diurnal  rotation.     3.  The  last  case 
is,  w'iien  the  given  point  of  the  Earth  is  any  ix>int  of 
its  surface,  whose  latitude  is  Jess  Uian  90  degrees: 
then  there  is  a  parallax  in  latitude  proportional  to  the  •] 
perpendicular  let  lall  upon  the  abovcsaid  plane,  from  ] 
Uk  given  point;  and  a  parallax  in  longitude  propor- 
tional to  tlie  jK-rpendicular  let  fall  upon  the  axis  of 
that  plane,  from  the  said  given  point.  And  the  effect^ 
of  this  last  will  be  to  alter  the  tninsit-line,  both  in  po- 
sition and  lengUi ;  and  will  prevent  its  being  parallel 
to  the  central  transit-line,  unless  when  its  axis  and 
the  axis  of  the  Earth  coincide,  as  seen  from  the 
Sun;  which  is  a  thing  that  may  noc  happen  in  many 
ages. 


ARTICLE  VI. 

Concerning  the  map  qf  the  transit.     Plate  XVII. 

73.  The  litlc  of  this  map,  and  the  lines  drann 
upon  it,  together  witli  the  words  annexed  to  these 
hnes,  and  the  numbers  (hours  and  minutes)  on  the 
dotted  lines,  explain  the  whole  of  it  so  (veil,  that  no 
farther  description  seems  requisite. 

74.  So  far  as  I  can  examine  the  map  by  a  good 
globe,  the  black  curvc-lines  are  in  general  pretty 
well  laid  down,  for  shewing  at  what  places  the  tran- 
sit will  begin,  or  end,  at  sun-rising  or  sun-setting,  to 
all  those  places  through  which  they  are  drawn,  ac- 
cording to  the  times  mentioned  in  the  map.  Only  I 
question  much  whether  the  transit  will  begin  at  stxn- 
rise  to  any  place  in  A/rica,  that  is  west  of  the  Jied* 
Sea  ;  and  am  pretty  ctrtain  that  the  Sun  will  not  be 
risen  to  the  northernmost  part  of  Madagascar  when 
the  transit  begins,  as  M.  Ue  L'Isle  reckons  the 
first  contact  of  Venus  widi  the  Sun  to  be  the  begin- 
ning of  the  transit.  So  that  the  line  which  shews 
the  entrance  of  Venus  on  the  Sun's  disc  at  sun-ris* 
ing,  seems  to  be  a  little  (oo  far  west  in  the  map,  at 
all  places  which  are  south  of  Asia  Minor:  but  in 
Europe^  I  think  it  is  very  well. 

75.  In  delineating  this  map,  I  had  M.  De 
L'Isle's  map  of  the  transit  before  me.  And  ihe 
only  difference  bctiveen  his  map  and  this,  is,  1. 
That  in  his  map,  the  times  are  computed  to  tlie 
meridian  of  Paris;  in  this  ihey  are  reduced  to  the 
meridian  of  London.  2.  I  have  changed  his  meri-. 
dional  projection  into  that  of  the  equatorial;  by 
whicli,  I  apprehend  that  the  black  curve.lints, 
shewing  at  »vhat  places  the  transit  begins,  or  ends, 
with  the  rising  or  setting  Sun,  appear  more  natural 
to  the  eye,  and  are  more  fully  seen  at  once,  than  in 
the  map  from  which  I  copied ;  for  in  that  map  the 
lines  are  interrupted  and  broken  in  the  meridian 
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ihat  divides  thf  hetnisplieres :  and  the  places  where 
thc^'  should  juiii  camiot  be  jierccived  so  readily  by 
tht,>e  who  arc  not  well  skilled  in  the  nature  of  ste- 
reographical  projections. — The  like  may  be  said  of 
many  of"  the  dotted  curve-lines,  on  which  are  ex- 
pressed the  hours  and  mintites  of  the  beginning  or 
ending  of  the  transit,  which  are  the  absolute  times 
at  these  places  through  which  the  lines  arc  diawn, 
computed  to  the  meridian  of  London.  ' 


ARTICLE  VII. 


Containing  an  account  of  Mr.  Hon  n  ox '5  observation 
of  the  transit  of  fenus  over  the  Sun.  in  the  year 
163!),-  as  it  is pttbliskedin  the  Annual  A^gister 
f>r  the  year  ITftl. 

76.  When  JCepUr  first  constructed  his  (the  Ru- 
dolphine)  tables  upon  the  observations  of  Tycho% 
he  soon  became  sensilile  tliat  the  planets  Mirvnirjr 
and  Venus  would  sometimes  pass  over  the  Sun^ 
disc  ;  and  he  jircdicted  two  traniiits  of  Venus,  one 
for  the  year  1631,  and  the  other  for  1761,  in  a 
tract  published  at  Leipsick  m  1629,  inlttled,  yld» 
manitio  ad  jistrononios,  i^c.  Kepler  died  some  d.iys 
before  the  transit  in  1031,  whieii  he  had  predicted 
was  to  happen,  Oassetidi  looked  for  it  at  Paris,  but 
in  vain  (si-e  Mt-rcurius  in  Sole  visus,  fc?  Fentta 
invisa).  Intact,  the  inipiifect  state  of  the  Rudol- 
phine  tables  was  the  cause  that  the  transit  was  expect* 
cd  in  1631,  when  none  could  be  obst-rvid;  and  those 
very  tables  ilid  not  give  reason  to  expect  one  in 
1639,  when  one  was  rtiilly  observed. 

When  our  illustrious  countrj-man  Mr.  Honiwx 
first  applied  himself  to  astronomy,  he  computed 
epiicmeridcs  ibr  several  years,  from  Lansbergius'S 
tables.  After  continuing  hi-i  labours  for  s.orae  time,' 
he  was  enabled  to  discover  the  im(K-rli'Ctioii  of  these 
tables;  upon  which  he  laid  asiilc  his  work,  intending 
3  V 
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to  determine  the  positions  of  the  stars  from  his  owa 
observations.  But  that  the  former  part  of  his  tiinr 
spent  in  calculatuig  from  Lansbergius  might  not  bl 
thrown  away,  he  made  use  of  his  ephemerides  b 
point  out  to  him  the  situations  of  the  planets.  Hend 
he  foresaw  when  thtir  conjunctions,  their  appulsei 
to  the  fixed  stars,  and  the  most  remarkable  pheno- 
mena in  the  heavens  would  happen  ;  and  prepared 
himself  with  the  greatest  care  to  observe  them. 

Hence  he  was  encouniged  to  wait  for  the  importan 
observation  of  the  transit  of  Venus  in  the  year  1 639  ; 
and  no  longer  thought  the  former  part  of  his  tiin< 
mispent,  since  his  attention  to  Lansbergius^^  tablei 
had  enabled  him  to  discover  thiii  the  ti-anstt  woulj 
certainly  happen  on  the  24th  o^  November.  However, 
as  these  tables  had  so  often  deceived  him,  he  was 
unwilhng  to  rely  on  them  entirely,  but  consulted 
other  tables,  and  particularly  those  of  Kepler:  ac- 
cordingly in  u  letter  to  his  fritnd  IFilHam  Crabtree^ 
of  Manchester,  dated  Ifool,  October  26,  1639,  hfi 
communicated  his  discovery  to  him,  and  eamestlj 
desired  him  to  make  whatever  observations  he  possft 
biy  could  with  his  telescope,  particularly  to  measure 
the  diameter  of  the  planet  Venus  ;  which,  according 
to  Kepler,  would  nmonnt  to  7  minutes  of  a  degreej 
and  according  to  Lansbergius  to  1 1  minutes ;  but 
which,  according  to  liis  ov.  n  proportion,  he  expected 
would  hardly  exceed  one  minute.  He  adds,  thai 
according  to  Kepler,  the  conjunction  will  be  No- 
vember 24,  1639,  at  8  hours  1  minute  A.  M.  at 
Manchester,  and  that  the  planet's  l^tude  would  be 
14'  10"  south  ;  but  according  to  his  own  corrections 
he  expected  it  to  happen  at  3  hours  57  min.  P.  T  " 
at  Manchester,  with  10'  south  latitude.  But  I 
cause  a  small  alteration  in  Kepler^s  numbers  would 
greatly  alter  the  time  of  conjunction,  andtlie  quan*^ 
tity  of  the  planet's  latitude,  he  advises  to  watch  the 
whole  day,  and  even  on  the  preceding  afternoon,  and 
the  morning  of  tiie  25th,  though  he  was  entirely  of_ 
opinion  that  the  transit  would  happen  on  the  24di 
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After  hnviiig  fully  weighed  and  examined  the  se. 
veral  methods  of  obscning  this  uncommon  pheno- 
menon, he  determined  to  transmit  the  Sun's  image 
through  a  telescope  into  a  dark  chamber,  rather  than 
through  a  naked  aperture,  a  method  greatly  com- 
mended by  Kepler;  for  the  Sun's  image  is  not  given 
sufficiently  large  and  distinct  by  thclutter,  unless  at 
a  very  great  d^btance  from  the  aperture,  which  the 
narrowness  of  his  situation  would  not  allow  of ;  iior 
would  Venus's  diameter  be  well  defined,  unless  the 
aperture  were  very  small ;  whereas  his  telescoi>e, 
which  rendered  the  solar  spots  distinctly  visible, 
would  shew  him  Venus's  diameter  well  defined, 
and  enable  him  to  divide  the  Sun's  limb  more  'accu- 
rately. 

He  described  a  circle  on  paper  which  nearly  equal- 
led six  inches,  the  narrowness  of  the  place  not  al- 
lowing a  larger  size ;  but  even  this  size  admitted  di- 
visions sufficiently  accurate.  He  divided  the  cir. 
cumfcrcnce  into  360  degrees,  and  the  diameter  into 
30  equal  parts,  each  of  which  was  subdivided  into 
4,  and  the  whole  therefore  into  120.  The  subdivi- 
sion might  have  still  been  carried  farther,  but  he 
trusted  rather  to  the  accuracy  and  nicencss  of  hi» 
eye. 

When  the  time  of  obser\'ation  drew  near,  he  ad< 
justed  the  apparatus,  and  caused  the  Sun's  distinct 
inwge  exactly  to  fill  the  circle  ou  the  paper :  and 
though  he  could  not  expect  the  planet  to  enter  \i\nn\ 
the  Sun's  disc  before  three  o'clock  in  the  aflernootj 
of  the  S-tth,  from  his  own  corrected  numbers,  upon 
which  he  chiefly  relied;  yet,  because  the  calcula- 
tions in  general  from  other  tables  gave  the  time  of 
conjunction  much  sooner,  and  some  even  on  the 
23a,  he  observed  the  Sun  from  the  time  of  its  rising 
till  nine  o'clock  ;  and  again,  a  little  before  ten,  at 
noon,  and  at  one  in  the  afternoon;  being  called  in 
the  intervals  to  business  of  the  highest  moment, 
which  he  could  not  neglect.     But  in  all  these  time<( 
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lie  saw  noihing  on  thf  Sun's  face,  except  one  small 
spot,  which  he  had  acen  on  the  preceding  day  ;  aiid 
which  also  he  afterward  saw  on  some  of  the  ftjUow- 
ing  days. 

But  at  3  hours   15  minutes  in  the  afternoon, 
M'hich  was  the  first  opporiuniiy  he  liad  of  rcpcaiiiij 
his  observations,  the  clnuds  were  cnrircly  dispersed 
and  invited  him  to  :>eize  this  favourable  occasion^ 
which  seemed  to  Ix' providentially  thrown  in  his  wafl 
foi  he  tlien  beheld  the  most  agreeable  sight,  a  spd' 
which  hud  been  the  object  of  his  most  sunguir 
wishes,  oFan  unusual  hize,  and  of  a  perfectly  circnia 
shape,  just  whol'y  en'ered  upon  the  Sun's  disc  OB 
thi  It-ftside:  so  that  the  limbs  of  the  Sun  and  Vena 
pirfcctly  coincided  in  every  point  of  contact, 
w.ts immediately  sensiblethiit  this  spot  was  thcplaiietl 
Wrius,  and  applied  himself  with  the  utmost  care  t&l 
prostcute  his  observationb, 

And,  First,  with  regard  to  the  inclination,  1 
found,  by  me.insof  a  diameter  of  the  circle  set  pcjd 
pcndicular  to  the  horizon,   the  plane  of  the  circl 
being  somewhat  reclined  on  account  of  the  Sui 
altitude,  thil   Venu^  had   wholly  entered  upon  till 
Sun's  disc,  at  3  hours  IS  minutes,  at  about  62^  J" 
(certainly  betiveen  60"  and  65")  from  the  vert« 
to'vard  the  right   hand.     {These  were  the  Bppear3 
antes  witliin  the  dark  chamber,  where  the  Sun*^ 
iiiiJim'  and  motion  of  the  planet  on  ii  were  both  in- 
vtried  and  reversed.)   And  this  inclination  coiitinu-  ' 
ed  constant,  at  least  to  all  sense,  till  he  had  finishedj 
the-  whole  of  his  observation. 

Secondly,  The  distances  observed  afterward  ^ 
tweeii  the  centres  of  the  Sun  and  Venus  were  as  fot^ 
lows  :  At  3  hours  1 5  minutes  bv  the  clock,  the  dta 
tance  was  14'  24";  at  3  hours  35  minutes,  (he  dis 
taiice  was  13'  30"  ;  at  3  hours  45  minutes,  the  dta^ 
tance  was  15' 0".  The  apparent  time  of  sun-setting 
was  at  3  hours  SO  minutes — die  true  time  3  hours 
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15  minutes, — rtlryction  keeping  the  Sun  above  the 
horizon  for  the  i>pact^  ol'  5  niitiutei^. 

Thirdly,  He  found  Venus's  diameter,  by  repeated 
obser^aiions,  to  exceed  u  thirtieth  pan  ol  the  Sun's 
diiunctcr,  by  a  sixth,  or  at  most  u  fifth  sulxlivision. 
— The  diameter  therefore  of  the  Sun  to  that  of  Ve- 
nus may  be  expressed,  as  30  to  1.12.  It  certainly 
did  not  amount  to  1.30,  nor  yet  to  1.20.  And  tliis 
was  found  by  obseiviutt  Venus  as  well  when  near  the 
Sun's  limb,  as  when  furiher  removed  from  it. 

Tilt  place  where  this  i>l)scivatioii  was  made,  was 
an  obscure  village  called  HooU  about  15  miles  north- 
ward of  Liverpool  The  latiuide  of  Liverpool  had 
been  often  determined  by  Horrox  to  be  53^  20'; 
and  therefore,  that  of  Hool  «ill  be  53"  35'.  The 
longitude  of  both  seemed  lo  liim  to  be  about  22°  30' 
from  the  Fortunate  Islands:  that  is,  14°  15'  to  the 
west  of  Uraniburg 

These  were  all  the  observations  which  the  short- 
ness of  the  time  all()\vid  him  to  make  upon  this  most 
remarkable  and  unrununon  si.ti;ht;  all  rhat  could  be 
done,  however,  in  so  small  a  s|)uccof  time,  he  very 
happily  executed;  and  scarce  any  thing  farther  re. 
miiined  fur  him  to  desire,  lit  regard  to  the  inclina> 
tioii  alone,  he  could  not  obtain  thi-  utmost  exactness; 
for  it  was  extremely  difficult,  from  the  Sun's  rapid 
motion,  to  observe  it  to  any  certainty  within  the  de- 
gree. And  he  ingenuously  confesses  that  he  neither 
did,  nor  could  possibly  ijcrTorm  it.  The  rest  are 
very  much  to  be  de{>ej)ded  upon ;  and  as  exact  as  be 
could  wish. 

Mr.  Crahtree,  at  Manchestett  whom  Mr.  Hoff- 
rox  had  desired  to  observe  this  transit,  and  who  in 
mathematical  knouUdgewas  inferior  to  few,  vcrjr 
readily  complied  with  Ins  friend's  request;  but  the 
sky  was  veiy  unntvourablc  tci  him,  and  he  had  only 
one  sight  01  Venus  on  the  Sun's  disc,  which  was 
nbout  3  hours  35  minufes  by  the  clock;  the  Surt  \ 
then,  for  the  first  dme,  breaking  out  from  the  clouds: 
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at  which  time  he  sketched  out  Venus's  simation  up- 
on paper,  which  Horrox  found  to  coincide  with  his 
own  observations.  J 

Mr.  Horrox,  in  his  treatise  on  this  subject,  pub-1 
lishcd  by  Hevelius,  and  from    which    almost  ih^ 
whole  of  this  account  has  been  collected,  hopes  for? 
pyrdon  from  the  astronomical  world,  for  not  making! 
his  intclli^nce  more  public  ;  but  his  discovery  was  I 
made  too  late.  He  is  desirous,  however,  in  the  spiritj 
of  a  true  philosopher,  that  other  astronomers  were 
happy  enough  to  observe  it,  who  might  either  con-fl 
firm  or  correct  his  observations.     Rut  such  confi^ 
dence  was  rtposetl  in  the  tables  at  that  time,  tliat  in 
does  not  appear  that  this  transit  of  Venus  wasobservJ 
ed  by  any  besides  our  two  ingenious  countrymen,^ 
who  prosecuttd  their  astronomical  studies  witfi  sucfifl 
eagerness  and  precision,  that  they  must  very  sooft^ 
have  brought  their  favourite  science  to  a  degree  cST 
perfection  unknown  atthose  times.  But  unfortunate-^ 
iy  Mr.  Horrox  died  on  the  3d  oiJanuartj  1640- IX 
about  the  age  of  25,  just  after  he  hjd  put  the  last! 
hand  to  his  treatise,  intitlcd  Feniis  in  Sole  visa. 
which  he  shews  himself  to  have  had  a  more  accurate 
knowledge  of  the  dimensions  of  the  solar  syMem 
than  his  learned  comraeiitator  Hevelius. — Sojitr  t/tS 
Annual  Register. 

In  the  year  169!*,  Dr.  Halley  gave  in  a  paper*! 
upon  the  transit  of  Venus  (S<c  Lowthorpe''>i  Abridg- 
ment of  Philosophical  Transactions,  page  434.),  in 
which  he  observes,  frohi  die  tables  then  in  use,  that 
Venus  returns  to  a  conjunction  with  the  Sun  in  her 
ascending  node  in  a  period  of  18  years,  wanting  2 
days  10  hours  52\  minutes;  but  that  in  the  second 
conjunction  she  will  have  got  24'  41"  farther  to  the 
south  than  in  the  preceding.  That  after  a  period  of 
235  years  2  hours  10  minutes  9  seconds,  she  returns" 
to  a  conjunction  more  to  the  north  by  1 1'  33"  ;  m^ 
after  243  years,  u-anting  43  minutes  in  a  point  more 
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to  the  south  by  13'  8".  But  if  the  second  conjunc- 
tion be  in  the  year  next  after  leap-year,  it  will  be  a 
day  Uter. 

The  intervals  of  the  conjunctions  at  the  descend- 
ing node  are  somewhat  different.  The  second  hap- 
pens in  a  period  of  8  years,  \\  anting  2  days  G  hours 
55  minutes,  Venus  being  got  more  to  the  north  by 
19'  58".  After  235  years  2  days  8  hours  18  mi- 
nutes, bhe  is  9'  21"  more  southerly  :  only,  if  the 
first  year  be  a  bissextile,  a  day  must  be  added.  And 
after  243  years  0  days  I  hour  23  minutes,  the  con- 
junction  happens  10'  37"  more  to  the  north  ;  and  a 
day  later,  when  the  first  year  was  bissextile.  It  is 
supposed  as  in  the  old  style,  that  all  the  centurial 
years  are  bissextiles. 

Hence,  Dr.  Halley  finds  the  years  in  which  a 
transit  may  happen  at  the  ascending  node,  in  the 
month  of  Novemhcr  (old  style)  to  be  these — 918, 
1161,  139G,  1631,  1639,  1874.  2109,  2117  :  and 
the  transit  in  the  month  of  May  (old  style)  at  the 
descending  node,  to  be  in  these  years — 1048, 1283) 
1518,  1526,  1761,  17G9,  1996,  2004. 

In  the  first  case,  Dr.  Hallev  makes  thevi^ble  < 
inclination  of  Venus's  orbit  to  be  9"  5',  and  her  ho- 
rary motion  on  the  Sun  4'  7".     In  the  latter,  ht: 
finds  her  visible  inclination  to  be  8'  28",  and  her  < 
horary  motion  4'  0".     I"  either  case,  the  greatest  ■ 
possible  duration  of  a  transit  is  7  hours  5G  minutes,  j 
Dr.  H ALLEY  could  even  then  conclude,  tlial  if  1 
ihc  interval  in  time  between  llie  two  interior  contacts  . 
of  Venus  with  the  Sun  could  be  measured  to  the  ex-  ] 
acUiess  of  a  second,  in  tw  o  places  properly  situate, 
the  Sun's  parallax  might  be  determuitd  within  its  ' 
SOUdlh  part. — But  several  years  after,  he  explained 
this  affdir  more  fully,  in  a  pa|jer  conceniing  the  tran- 
sit of  \'fnus  in  the  year  1761;  which  was  ptiblisli-  1 
ed  ill  the  Philosophical  Transactions,  and  of  wliidi. 
the  tliird  of  the  preceding  articles  la  a  translation ;  I 
the  original  having  been  written  in  Ijitin  by  the 
Doctor. 
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ARTICLE  VIII. 


Containing  a  short  account  of  some  observat'totts 
the  transit  oj  Venus,  A.  D.  1761.  Jimt  Hth,  m 
Style  ;  and  the  distances  of  the  fiianets  from  the 
Sun,  as  deduced  from  t/tose  observations. 


Early  in  tlie  moniiug,  whe'i  every  astronomer  wan, 
prejiaivcl  for  ob^erviiij^tlK-  transit,  it  unluckily  hap- 
pened, ihiit  botli  at  London  and  the  Royal  OI>M.Tva. 
tory  at  Greaiwiih,  tlic  sky  ivas  so  ovcrcisi  ivi  ' 
donds,  as  to  render  it  doubtful  wlielher  any  pari 
the  transit  should  be  seen  : — iind  it  wus  38  minutet 
21  seconds  past  7  o'clock  (iipparcnttimL-)  di  Green- 
wich, when  the  Uev.  Mr.  ^/m,  our  Abtronomer  Roy- 
al, first  saw  Venus  on  the  Sun  ;  at  which  instant,  the 
ccutreol' Venus  preccdedtheSun'sccntreby6'  18". 9 
fif  right  ascension,  and  was  soudi  ol'  the  Sun's  cen- 
tre by  ir  42".  1  of  declination. — From  that  time! 
tiie  beginning  of  egress,  the  Doctor  tnade  several  ol 
servatioiis,  both  of  the  diflcrence  of  right  ascenbioB 
and  declination  of  the  centres  of  the  Sun  and  Ve- 
nus ;  and  at  lust  found  the  beginning  of  egress,  or 
instant  of  the  internal  contact  of  Venus  with  th*^ 
Sun's  Unib,  to  be  at  8  hours  19  minutes  0  seconds 
apparent  time.  From  the  Doctor's  o^^'n  observa. 
tions,  and  those  which  were  made  at  Shirhunt  by  an- 
otlier  gentleman,  he  has  computed,  that  the  mean 
time  at  Qrcemvich  of  the  eclipucal  conjunction  of  the 
Sun  and  Venus  was  at  51  minutes  20  seconds  aher 
five  o'clock  in  the  morning  :  that  the  place  of  the 
Sun  and  Venus  «'as  '^  {GeminiJ  15"  36'  33"  ;  and 
that  the  geocentric  latitude  of  Venus  \\m  9'  44".9 
south. —Her  horary  motion  from  the  Sun  3'  57".  13 
rctr<^rade ; — and  the  angle  then  formed  by  the  axis 
of  the  equator,  and  the  axis  oi  the  ecliptic,  vras  &"" 
y  34",  decreasing  hourly  1  minute  of  a  degree.— 
By  the  mean  of  thj-ee  good  observations,  the  dia- 
meter of  Venus  on  the  bun  was  58". 
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Mr.  Short  made  his  observation  al  Savile-Iiouse 
in  London,  30  seconds  in  time  west  from  Greenwich, 
in  pit seiice  of  his  lloyjil  Highness  the  Duke  ol"  York, 
accompanied  by  their  Royal  Highnes&cs  Prince  JFil- 
liam.  Prince  Henry,  and  I'rincc  Frederick. — He 
first  %ki\v  Venus  on  the  Sim  tlirough  flying  clouds, 
at  46  minutes  37  seconds  after  5  o'clock;  and  ai 
6  hours  15  minutes'  12  seconds  he  measured  Uic 
diameter  ofVeuus59". 8. — He  afterward  found  it  to 
be  58". y  when  tlie  sky  was  more  favourable. — And, 
through  a  rcfiecting  telescope  of  tn'o  feet  focus, 
magnifying  140  times,  he  found  the  internal  contact 
of  Venus  with  the  Sun's  limb  to  be  at  8  hours  18 
minutes  21i  seconds,  apparent  time;  which,  being 
reduced,  to  the  apparent  liroe  at  Greemmch,  was  8 
hours  18  minutes  51i  seconds  :  so  that  liis  lime  of 
seeing  the  contact  was  8^  seconds  eooner  (in  absolute 
time)  than  the  instant  ol  its  being  seen  at  Oreemeich, 

Messrs.  EUtcott  and  /Jo/ofjrf observed  the  internal 
contact  at  Hackney,  and  their  lime  oi'  seeing  it,  re- 
duced to  the  time  at  Greenwich,  was  at  8  liours  18 
minutes  36  seconds,  which  was  4  seconds  sooner  in 
absolute  time  than  the  contact  was  seen  at  Greenwich. 

Mr.  Canton,  in  Spittle' Square,  London,  4'  11" 
wcst-of  Grcf nwtf  A  (tqual  to  16  seconds  44  thirds 
of  time),  measured  Uie  Sun's  diameter  31'  3S"  24'", 
and  the  ihamcter  of  Venus  on  the  Sun  58" ;  and  by 
observation  fowid  the  ai>purcnt  time  of  tJic  internal 
contact  of  Venus  wltli  the  Sun's  limb  to  be  at  8 
hours  IS  minutes  41  seconds  ;  ivliich,  by  reduction, 
was  only  'ii^  second<i  short  of  tlic  time  at  the  Koyal 
Obbcrvatoiy  at  Greenwich. 

The  Reverend  Mr.  Jiichard Haydon,  all^skeard, 
iu  Coriiwali  (16  muHiics  lu  seconds  in  time  west 
from  London,  as  atatcfl  by  Dr.  lievis)  observed  thu 
intertial  contact  to  be  at  8  hums  U  minutes  20  tte* 
conds,  whicb  by  reduction  was  d  hours  l(i  miiuito) 
3  X 
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30  seconds  at  Grceinvich:  so  that  he  miist  have  seen 
it  2  minutes  30  seconds  sooner  hi  absolute  time 
than  it  was  seen  at  Oreemvic/i — a  differtncc  by 
inucli  too  great  to  be  occasioned  by  the  difference 
of  parallaxes.  But  by  a  memorandum  of  Mr. 
l/at/don's  some  years  before,  it  appears  that  he  then 
supposed  his  west  longitude  to  be  near  two  minutes 
more;  which  brings  his  time  to  agree  within  half  a 
minute  of  the  time  at  Greetiwic/i;  to  which  th« 
jsiralliises  ^vill  verj'  nearly  answer. 

At  Stockholm  observatory,  latitude  59°  SOJ'  north, 
and  longitude  1  hour  12  minutes  east  from  Greert' 
wich,  the  whole  of  the  transit  was  visible;  the  total 
ingress  was  observed  by  Mr.  Jf^argentin  to  be  at  3 
hours  39  minutes  23  seconds  m  the  morning,  and 
the  beginning  of  egress  at  9  hours  30  minutes  8 
seconds ;  so  that  the  ivholc  duradon  between  the  twp 
internal  contacts,  as  seen  at  that  place,  was  5  hours 
50  minutes  45  seconds. 

At  Torrtco  in  Lahlnnd  { 1  hour  27  minutes  28  se*! 
conds  east  of  Paris)  Mr.  Hdlatit,  who  is  esteemed 
a  very  good  observer,  found  the  total  ingress  to  be 
at  4  hours  3  minutes  59  seconds ;  and  the  beginning; 
of  egress  to  be  9  hours  54  minutes  8  seconds. — So' 
that  the  whole  duration  bet^veen  the  two  intemaj' 
contacts  was  5  hours  50  minutes  9  seconds. 

At  Hermsand  in  Sweden  {latitude  60"  38'  nortli, 
and  longitude  1  hour  2  minutes  12  seconds  cast  (rf 
Paris),  Mr.  GiHer  observed  die  total  ingress  to  be 
at  3  hours  38  minutes  26  seconds;  and  the  begin- 
ning of  egress  to  be  at  9  hours  29  minutes  21  se- 
conds.— The  duration  Ijetwecn  these  two  internal 
contacts  5  hours  50  minutes  5(5  seconds. 

Mr,  De  La  Lnnde,  at  Paris,  observed  the  begin- 
ning of  egress  to  be  at  S  hours  28  minutes  26  se- 
conds apparent  time — But  Mr.  Ferner  (who  was 
then  at  Comtans,  143"  west  of  the  Royal  Obsora^ 
lorj'  at  Paris)  observed  the  beginning  of  egress  to 
be  at  8  hours  28  minutes  29  seconds  true  time. 
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The  equation,  or  difference  between  the  true  and 
apparent  time,  was  1  minute  54  seconds. — The  total 
ingress,  being  before  the  Sun  rose,  could  not  be  seen. 

At  Tobolsk  in  Siberia^  Mr^  Chappe  observed  the 
total  ingress  to  be  at  7  hours  0  minutes  28  seconds 
in  the  morning,  and  the  beginning  of  egress  to  be  at 
49  minutes  20i  seconds  after  12  at  noon. — So  that 
the  whole  duration  of  the  transit  between  the  inter- 
nal  contacts  was  5  hours  48  minutes'  S2\  seconds, 
as  seen  at  that  place ;  which  was  2  minutes  2\  se- 
conds less  than  as  seen  at  Hemosmid  in  Sweden. 

At  Madrasy  the  Reverend  Mr.  Hirst  observed 
the  total  ingress  to  be  at  7  hours  47  minutes  55  se- 
conds  apparent  time  in  the  morning ;  and  the  be- 
ginning of  egress  at  1  hour  39  minutes  38  seconds 
past  noon.  The  duration  between  these  two  inter* 
nal  contacts  was  5  hours  5 1  minutes  43  seconds. 

Professor  Mathenci  at  Bologna  observed  the  be- 
ginning of  egress  to  be  at  9  hours  4  minutes  58  se- 
conds. 

At  Calcutta  (latitude  22°  30'  north,  nearly  92° 
cast  longitude  from  London)  Mr.  IFilliam  Magee 
observed  the  total  ingress  to  be  at  8  hours  20  mi- 
nutes 58  seconds  in  the  morning,  and  the  beginning 
of  egress  to  be  at  2  hours  11  minutes  34  seconds  in 
the  afternoon.  The  duration  between  the  two  inter- 
nal contacts  5  hours* 50  minutes  36  seconds. 

At  the  Cape  of  Good  Hope  (1  hour  13  minutes 
35  seconds  east  from  Greetrwich)  Mr.  Masofi  ob- 
served  the  beginning  of  egress  to  be  at  9  hours  39 
minutes  50  seconds  in  the  morning. 

All  these  times  are  collected  from  the  observers' 
accounts,  printed  in  the  Philosophical  Transactions 
for  the  year  1762  and  1763,  in  which  there  are  se- 
veral  other  accounts  that  I  ha^'C  not  transcribed.** 
The  instants  of  Venus's  total  exit  from  the  Sun  are 
likewise  mentioned ;  but  they  are  here  left  out,  as 
not  of  any  use  for  finding  tlic  Sun's  parallax* 


Tlie'Method  cfpttkng  tfte  Instances 

*,  Wliocvcr  compares  these  times  of  tlic  internal 
comaciSi-as  given  in  by  different  observers,  will  find 
such  difference  among  ihem,  even  those  which  were 
taken  upon  the  same  ^pot,  as  will  shew,  that  the  in. 
slant  of  either  contact  could  not  be  so  accurately 
perceived  by  the  observers  as  Dr.  Hallet  thought 
it  could ;  which  probably  arises  from  tlie  difference 
of  people's  ej'es,  and  the  diffeient  magnifying  po*. 
ers  of  those  ti-lescopes  through  which  the  coruacta 
^vere  seen. — If'  all  the  observers  had  made  use'of 
equal  magnif)ii>g  powers,  there  can  be  no  doubt 
but  that  the  times  would  ha\'e  more  nearly  coin- 
cided ;  since  it  is  plain,  that  supposing  all  their  tiyeA 
to  be  ecjually  quick  and>g6od,  tliey  whose  telescopes 
uiagnified  most,  would  perceive  the  point  of  JHler- 
nal  coniact  soonest,  and  of  the  total  exit  latest. 

Mr.  Short  has  taken  an  incredible  deal  of  pains 
iij  deducing  the  quantity  of  the  Sun's  parallax,  from 
the  best  of  those  observations  which  were  made  both 
in  lifita'm  and  abroad:  and  finds  it  to  have  been 
8". 52  on  die  day  of  the  transit,  when  the  Sun  wa* 
verj-  nearly  at  his  greatest  distance  from  the  Earth  r 
and  consequently  a".65  Mhen  the  Sun  is  at  his 
mean  distance  from,  the  Karth. — And  indeed,  it 
would  be  very  well  worth  every  curious  jjerson's 
while  to  purchase  the  second  part  of  Volume  I.II. 
nf  the  Philosophical  Transactions  for  the  year  1763; 
e^-en  if  it  contained  nothing  more  tlian  Mr.  iSAor/'l 
paper  on  that  subject. 

The  log.  sine  (or  tangent)  of  8". 65  is  5.6219140^ 
which  being  subtracted  from  the  radius  10.0000000^ 
leaves  remaining  the  logaril<mi  4.3780860,  whosfi 
number  is  33882.84;  which  is  the  number  of  sera 
diameters  of  tlie  Eaith  that  the  Sun  is  distant  frol 
it.— And  this  last  number,  23882.84,  lx:ing  muldi 
plied  b)'  3985,  the  numljer  of  English  miles  cc«i'« 
laiiied  in  the  fourth's  .semidiameter,  gives  95, 1 73, 127 
miles  for  die  Eartli's  mean  distance  from  the  Sun.— 
But  because  it  is  impossible,  from  the  nicest  obser>u 
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vations  of  the  Sun's  parallax,  to  be  sure  of  its  true 
distance  from  the  Earth  within  100  miles,  we  shall 
at  present,  for  the  sake  of  round  numbers,  state  the 
Earth's  mean  distance  from  the  Sun  at  95,173,000 
Mnglish  miles. 

And  then,  from  the  number  and  analogies  in  §  1 1 
and  14  of  this  Dissertation,  \re  find  the  mean  dis- 
tances of  all  the  rest  of  fhe  planets  from  the  Sun  in 
miles  to  be  as  follows:— Mercury's  distance,  36, 841, 
468;  Venus's  distance,  68,891,486;  Mar's  distance, 
145,014,148 ;  Jupiter's  distance,  494,990,976 ;  and 
Saturn's  distance,  907,956,130, 

So  that  by  comparing  these  distances  with  those 
in  the  tables  at  the  end  of  the  chapter  on  the  solar 
system^,  it  will  be  found  that  the  dimensions  of  the 
system  are  much  greater  than  what  was  formerfy 
imagined :  and  consequently,  that  the  Sun  and  the 
planets  (except  the  Earth)  are  much  larger  than  as 
stated  in  that  table. 

The  semidiameter  of  the  Earth's  annual  orbit 
being  equal  to  the  Earth's  mean  distance  from  the 
Sun,  viz.  95,173,000  miles,  the  whole  diameter 
is  190,346,000  miles.  And  since  the  diameter  of 
a  circle  is  to  its  circumference  as  1  to  3. 14159  the 
circumference  of  the  Earth's  orbit  is  597,989.090 
miles. 

And,  as  the  Earth  describes  this  orbit  in  365  days 
6  hours  (or  in  8766  hours),  it  is  plain  that  it  travels 
at  the  rate  of  68,217  miles  every  hour,  and  conse- 
quently 11,369  miles  every  minute ;  so  that  its  velo- 
city  in  its  orbit  is  at  least  142  times  as  great  as  the 
velocity  of  a  cannon-ball,  supposing  the  ball  to  move 
through  8  miles  in  a  minute,  which  it  is  found  to  do 
verj[  nearly; — and  at  this  rate  it  would  take  22 
years  228  days  for  a  cannon-ball  to  go  from  the 
Earth  to  the  Sun. 

On  the  3d  oiJune^  in  the  year  1769,  Venus  will 
again  pass  over  the  Sun's  disc,  in  such  a  manner, 
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as  to  aflbrd  a  much  easier  and  better  method  of  in- 
vestigating the  Sun's  parallax  than  her  transit  in  the 
year  J761  has  done. — But  no  part  o( Britahi  wiH 
be  proper  for  observing  that  transit,  so  as  to  deduce 
any  thing  with  respect  to  the  Sun's  parallax  from  it, 
because  it  will  begin  but  a  little  before  sun-set,  and 
will  be  quite  over  before  2  o'clock  next  mormiig. — , 
The  apparent  time  of  conjunction  of  the  Sun  and 
Venus,  according  to  Dr.  Ha  lley's  tables,  will  be. 
at  13  minutes  past  10  o'clock  at  night  .?t  Londoi 
at  which  time  the  geocentric  latitude  of  Vcr.us  «ill 
be  full  10  minutes  of  a  degree  north  from  the  Sun's 
centre  : — and  therefore,  as  seen  from  the  nortJicrn, 
parts  of  the  lianh,  Venus  will  be  cousidcrubly  do 
f)ressed  by  a  parallax  of  latitude  on  the  Sun's  disc; 
on  which  account,  the  visible  dutiiiioii  ofthe  transit 
will  be  lengthened;  and  in  die  MiulUcni  ]>artsi>f  the> 
Earth  she  will  be  e!e\»tcd  by  a  parallax  of  liitititdi 
on  the  Sun,  which  will  thorteii  iliu  visible  diiraiioi 
of  the  transit,  with  letsprci  'n  u  mui-j  li.n. 
posed  to  be  seen  from  ihe   ■■  ■     botll 

which  affections  of  duratioi.  ■  iongii- 

tude  will  also  coi.spio:. — S.  nlage; 

which  Dr.  HALtEY  i.'<(i>cct<:il  liuiik  tin.-  Lie  tmasit> 
will  be  found  in  ihis.  without  the  least  difficulty 
embarrassment. — It  is  thcreiorc  lo  Ix:  lioijwl,  iJiat 
neither  cost  nor  labour  will  bi-  spiired  iu  duly  ob- 
serving  this  transit ;  especially  as  there  will  nut  be- 
such  another  opportunity  again  in  li-.ssthan  105  years 
aftenvard. 

The  most  proper  places  for  observing  the  tansii, , 
in  the  year  1769,  is  in  the  northern  jxirts  of  X^ijfr- 
/f(«rfand  the  Solomon  Isles  in  the  great  South- Seat, 
at  the  lormcr  of  winch,  tlie  visible  duration  beiweea, 
the  two  internal  contacts  will  be  at  least  22  minutes 
greater  than  at  the  latter,  even  though  the  Sun's  pa- 
rallax should  not  be  quite  9" Kit  be  y"  {"hich 

is  the  quantity  I  had  assumed  in  a  delineation  of 
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transit,  which  I  gave  in  to  the  Royal  Society  befcx^ 
I  had  heard  what  Mr.  Short  had  made  it  nrom  the 
observaticms  on  the  late  transit),  the  difference  of 
the  visible  durations,  as  seen  in  Lapland  and  in  the 
Solomon  Isles^  will  be  as  expressed  in  that  delinea- 
tion ;  and  if  the  Sun's  parallax  be  less  than  9''  (as  I 
now  have  very  good  reason  to  believe  it  is),  the 
difference  of  durations  will  be  less  accordingly. 
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The  numeral  Figures  refer  to  the  Pages^  aq4  the 
small  n  to  the  Notes  sutypined^ 

A. 

^CCELERJTIoJV' oHhc^ts^rSj  160. 

^ras  or  epochs,  421.  * 
jingle  J  under  which  an  object  appiB^urS}  whati  ^^9i^* 
Annual  fiaraliax  of  the  st^vsy  138. 
Anomaly^  what,  176. 
%4ncicnt8^  their  superstitious  illations  jOC  ^lipaes,  203* 

Their  metbpd  of  dividing  ti^  zpd^ac^  3)1  h 
kAntifiodes^  what,  86. 
•.iS^'tife«,line  of,  176. 

Archimedes,  his  ideal  problem  for  moving  the  Earth)  i  12* 
Are<Uy  described  by  the  planets,  ppoporti/^ia)  to  the  tjn^es) 

109. 
Aatronomy^  the  f^reat  advantages  aiiaing  £rom  jit  both  vi^  oui^ 
religious  and  civil  concektiSy  31. 
Discovers  the  laws  by  which  t^e  playlets  moTey  und  ai^ 
retaio^iiiA  ^eir  orbits,  31. 
Jkmoaphere^  the  higher  the  tl4n)ci«r|  131. 
Its  prodigious  expansion,  121. 
Its  whole  weight  on  thie  Earthj  122^ 
Generally  thought  to  be  heaviest  when  it  is  jOightest,  123. 
Without  xx^itit  beaveos  wjould  appear  dai^L  xbl  &  d^y^tUnet 

123. 
Is  the  cause  of  twilight,  184* 
Its  height,  1 24. 
ftefractf  the  Sun's  rays,  IS^. 
Causeth  the  Sun  and  Moon  to  appear  ilb^e  the  horizprt 

trhen  they  are  reslly  below  it,  124. 
Foggy,  deceives  tis^  in  the  bulk  and  distance  of  objects, 
1294 
Attractitmi  76. 
Decreases  as  the  sqtiai^  of  the  distance  increased,  76. 
Greater  in  the  larger  than  in  tl^  smaller  planets,  1 12. 
Greater  in  the  iSun,  than  in  all  the  planets  if  put  together^ 
112. 
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Jxea  of  the  planets^  what,  38. 

Their  different  positions  witl>  respect  to  one  ano^er^ 
83. 
^ixts  of  the  Earthy  its  parallelism,  145. 

Its  position  variable  as  seen  from  the  Sun  or  Moon,  308^ 

The  phenomena,  thence  arising,  310. 

B. 

Bodies^  on  the  Earth,  lose  of  their  weight  the  nearer  they 
are  to- the  equator,  89. 
How  they  might  lose  all  their  weighty  83i. 
How  they  become  visible,  1 17. 

C. 

Calculator  (an  instrument)  described,  437. 

Calendar^  how  to  inscribe  the  Golden  numbers  right  iu  it 

for  shewing  the  days  of  new  Moons,  396. 
Cannon^bally  its  swiftness,  68. 
In  what  times  it  would  fly  from  the  Sun  to  the  different 

planets  and  fixed  stars,  68. 
Cassi>(i,  his  account  of  a  double  star  eclipsed  by  the  Moon^ 

53. 
IDs  diagrams  of  the  paths  of  the  planets,  98. 
Catalogue  of  the  eclipses,  282. 
Of  the  constellations  and  stars,  382. 
Of  remarkable  aeras  and  events,  421. 
Celeatial  globe  improved,  447. 

Centri/ietal  and  centrifugal  forces,  how  they  alternately  over^ 
come  each  other  in  the  motions  of  the  planets,  108, 1 10. 
Changes  in  the  heavens,  385. 
Circles,  of  perpetual  apparition  and  occultation,  91. 

Of  the  sphere,  140. 
'     Contain  360  degrees  whether  they  bft  gi^at  or  small,  1 52, 
Civil  year,  what*  389. 
CUiLUMBUS  (Christopher)  his  story  concerning  an  eclipse, 

•    303. 
Clocks  and  watches,  an  easy  method  of  knowing  whether  they 
go  true  or  false,  164. 
Why  they  seldom  agree  with  the  Sun  if  they  go  trucy 

168 — 181. 
How  to  regulate  tliem  by  equation-tables  and  a  meridian- 
line,  166. 
Cloudy  stars,  384. 
Comctarium  (an  instrument)  described,  ^4^. 
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Const ollaHona^  tocient,  their  number,  ^80. 
The  number  of  stars  in  each,  according  to  different 
trdnomers,  332. 
Cycle^i  solar,  lunar,  and  Roman,  395. 

D. 

Darkness  at  our  SaviouiA  crucifixion  supernatural,  3 17-— 

416. 
Day^  natural  and  artificial,  what,  394. 

And  Ttighij  always  equally  long  at  the  equator,  90. 
Natural,  not  completed  in  an  absolute  turn  of  the  Earth 
on  its  axis,  1 64. 
Degree^  what,  152. 
JDigitj  what,  306,  n. 
Direction^  (number  of),  412. 

Distances  qf  the  fiianets  from  the  Sun^  an  idea  of  them,  68. 
A  table  of  them,  73. 

How  found,  132  ;  and  in  the  Dissertation  on  the  transit  of 
Venus,  chap.  XXIII. 
Diurnal  and  annual  motions  of  the  earth  illustrated,  14 1-— 

145. 
Dominical  letter^  4 13. 
Double  fir ojec tile  force^  a  balance  to  a  guadru/Ue  fiomer  of 

gravity  y  109. 
Double  star  covered  by  the  Moon,  52. 

E. 

Earthy  its  bulk  but  a  point  as  seen  from  the  Sun,  32. 
Its  diameter,  annual  period,  and  distance  from  the  Siin> 

49. 
Turns  round  its  axis,  49. 
Velocity  of  its  equatorial  parts,  49. 
Velocity  in  its  annual  orbit,  49. 
Inclination  of  its  axis,  49. 
Proof  of  its  being  globular,  or  nearly  90,  50,  261. 
Measurement  of  its  surface,  50. 

Difference  between  its  equatorial  and  polar  diameters,  59. 
Its  motion  round    the   Sun   demonstrated   by  gravity, 

77,  78,  by  Dr.  Bradley's  observations,  80,  by  the 

eclipses  of  Jupiter's  satellites,  158. 
Its  diurnal  motion  highly  probable  from  the  absurdity  that 

must  follow  upon  supposing  it  not  to  move,  78,  86,  and 

demonstrable  from  its  figure,  87,  this  motion  canoot  be 

fejt,  83. 
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Objections  against  its  motion  answered,  60,  85. 

Jt  has  no  such  thing  as  an  upper  or  an  under  side^  86.  in 

what  case  it  might,  87. 
The  swiftness  of  its  motion  in  its  orbit  compared  with 

the  velocity  of  light,  139. 
Its  diurnal  and  annual  motions  illustrated  by  an  easy  ex« 

periment,  141. 
Proved  to  be  less  than  the  Sun,  ahd  biggelr  dian  \b&  Mooci, 

262. 
Easter  cycle,  412. 
^clifisareon  (vn  instrutnent)  de^ribed,  458. 
JSclifisea  of  Jupiter's  satellites,  how  the  longitude  is  found 
by  them,  154,  they  demonstrate  the  veloicity  of  lights 
156. 
Of  the  Sun  and  Moon,  261 — 316, 
Why  they  happen  not  in  every  month,  263, 
When  they  mu&t  be,  263. 
Their  limits,  264. 
Their  period,  268. 

A  Dissertation  on  their  progress,  26B. 
A  large  catalogue  of  them,  282. 
Historical  ones,  301. 

More  of  the  Sun  than  of  the  Moon,  and  why,  303. 
The  proper  elements  for  their  calculation  and  projection^ 
318. 
Mcl^iticy  its  signs,  their  names  Und  chai^cters,  68. 

Makes  different  angles  with  the  horizon  every  hour  and 
minute,  234,  how  these  angles  may  be  estimated  by  the 
position  of  the  Moon's  horns,  220. 
Its  obliquity  to  the  equator  less  now  than  it  was  formcriy, 
388. 
Slongations,  of  the  planets,  as  seen  by  an  observer  at  rest  on 
the  outside  of  all  their  orbits,  94. 
Of  Mercury  and  Venus,  as  seen  frpm  the  Earth,  illus- 
trated, 102,  its  quantity,  102. 
Of  Mercury,  Venus,  the  Earth,  Mars,  and  Jupiter ;  their 
quantities,  as  seen  from  Saturn,  105. 
Mqtiation  of  time,  165— '181, 
Equator^  day  and  night  always  equal  there,  90. 
Makes  always  the  same  angle  with  the  hoiizon  of  the 
same  place;  the  ecliptic  not,  234. 
Equinoctial  fiointa  in  the  heavens,  their  precession,  181,  a 
very  different  thing  from  the  recessioh  or  andcipation 
of  the  equinoxes  on  the  Earth,  the  one  no  ways  occa* 
sioned  by  the  other,  185. 
Eccentricities  of  tlie  planets'  orbits,  1 IQ. 
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FaUadea  ki  judging  of  the  bulk  of  objects  by  their  apparent 
distance,  128,  apptied  to  the  solution  of  the  horizontal 
Moon,  131. 
First  meridian,  wbat>  152, 

Fixed  stara^  why  they  appear  of  less  magnitude  when  view- 
ed through  a  telescope  liian  by  the  bare  eye^  378. 
Their  number,  379. 
Their  division  into  different  classes  andconsteHationsi  380. 


O, 

General  fihenomena  of  a  superior  planet  as  seen  from  an  in* 

ferior,  106. 
Oeorgium  Sidua^  its  disteoice,  diameter,  magnitude,  annual 
revolution,  63,  n. 
Not  readily  distinguished  from  a  fixed  star,  63,  n. 
Inclination  of  its  orbit,  63,  n. 
Place  of  its  nodes,  63,  n. 

Its  satellites,  their  distance,  periods,  and  remarkable  po» 
sition  of  their  orbits,  63,  n. 
Gravity^  demonstrable,  74 — ^75. 
Keeps  all  bodies  on  the  Earth  to  its  surface,  or  brings 
them  back  when  thrown  upward;  and  constitutes  theii- 
treight,  74,  »6. 
Retains  all  the  planets  in  their  orbits,  75. 
Decreases  as  the  square  of  the  distance  increases^  76. 
Proves  the  Earth's  annual  motion,  77. 
Demonstrated  to  be  greater  \p^e  larger  planets  than  in 
the  smaller ;  and  stronger  fa  the  Sun  than  in  all  the 
planets  together,  112. 
Hard  to  understand  what  it  is,  1 13. 

Acts  every  moment,  115. 
Olobe  (Celestial),  improved,  447. 


H.' 

Harmony  of  the  celestial  motions,  78» 
Jiarveat^Moonj  233—946. 

None  at  the  equator,  233. 

Remarkable  at  the  polar  circles,  241. 

In  what  years  most  and  least  advantageous,  245; 
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Heat^  decreases  as  the  square  of  the  distance  from  the  Sun 
increases,  118. 
Why  not  greatest  when  the  Earth  is  nearest  the  Sun,  151. 
Why  greater  about  three  o'clock  in  the  afternoon  than 
when  the  Sun  is  on  the  meridian,  252. 
Meavensy  seem  to  turn  round  with  different  velocities  as 
Seen  from  the  different  planets  ;  and  on  different  axes 
as  seen  from  most  of  them,  83. 
Only  one  hemisphere  of  them  seen  at  once  from  any  one 

planet's  surface,  88. 
Changes  in  them,  385. 
HorizoJij  what,  88,  n. 
Horizontal  Moon  explained,  131. 
Horizontal  fiarallax^  of  the  Mooti,  1 32 ;  of  the  Sun,  1 35  \ 

best  observed  at  the  equator,  137. 
Haur'Circlesj  what,  153. 
JETour  of  time  equal  to  15  degrees  of  motion,  153. 

How  divided  by  the  Jewa^  Chaldeans^  and  jirabian^^  395. 
HuTGENius,  his  thoughts  concerning  the  distance  of  some 
stars,  3^. 
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Inclination  of  Venus's  axis,  43. 
Of  the  Earth's,  49. 

Of  the  axis  or  orbit  of  a  planet  only  relative,  145. 
Inhabitants  of  the  Earth  (or  any  other  planet)  stand  on  op- 
posite sides  with  their  feet  toward  one  another,  yet  each 
tliinks  himself  on  the  upper  side,  86. 


J. 

Julian  ft eriody  415. 

Jufiitcry  its  distance,  diameter,  diurnal  and  annual  revolu* 
tions,  56,  St. 
The  phenomena  of  its  belts,  57. 
Has  no  difference  of  seasons,  58. 

Has  four  Moons,  58,  theii^  grand  period,  58,  the  angles 
which  their  orbits  subtend,  as  seen  from  the  Earth,  59. 
most  of  them  are  eclipsed  in  every  revolution,  59. 
The  great  difference  between  its  equatorial .  and  polar 
diameters,  59. 

The  inclination  of  its  orbit,  and  place  of  its  ascending 
node,  60.  ^^ 
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The  Sun's  light  3000  times  as  strong  on  it  a$^  full  Moon 

light  is  on  the  Earth,  64. 
Is  prohahly  inhabited,  65. 

The  amazing  power  required  to  put  itin  motion,  112. 
The  figures  of  the  paths  described  by  its  satellites,  22$. 


L. 

Li^htyihe  inconceivable  smallness  of  its  particles,  116;  and 
the  great  mischief  they  would  do  if  they  were  larger^ 
117. 
Its  surprising  velocity,  1 17,  compared  with  the  swiftness 

of  the  Earth's  annual  motion,  139. 
Decreases  as  the  square  of  the  distance  from  the  lumi« 

nous  body  increases,  118. 
Is  refracted  in  passing  through  clifSerent  mediums,  119, 

120. 
Affords  a  proof  of  the  Earth's  annual  motion,  139,  1S8. 
In  what  time  it  comes  from  the  Sun  to  the  Eartht  156 ; 
this  explained  by  a  figure,  157. 
Limita  of  eclipses,  264. 

Lincy  of  the  nodes,  what,  265  ;  has  a  retrograde  motion,  267. 
Long  (Rev.  Dr.)  his  method  of  comparing  the  quantity  of 

the  surface  of  dry  land  with  that  of  the  sea,  50. 
Long,  his  glass  sphere,  90. 
Longitude i  how  found,  152— -155. 
Lucid  sfiota  in  the  heavens,  384% 
Lunar  cycle  deficient,  396. 


Mtg^cUandc  ctoudsy  385. 

Many  of  a  middle  size,  how  much  pressed  by  the  weight  of 

the  atmosphere,  123 ;  why  this  pressure  is  not  felt,  123. 
Mara<i  its  diameter,  period,  distance,  and  other  phenomena^ 

55 — 56. 

Mattery  its  properties,  74. 
Mean  anomaly j  what,  176. 
Mercury,  its  diameter,  period,  distance,  ^c.  40. 

Appears  in  all  the  shapes  of  the  Moon,  40. 

When  it  will  be  seen  on  the  Sun,  41. 

The  inclination  of  its  orbit  and  place  of  its  ascending  node* 
41. 

Its  path  delineate;^,  98V 


INDEX. 

Ex^riment  to  shew  its  phases^  and  apparent  motion^  103^ 
Mercury  (Quicksilver^  in  the  barometer,  why  not  affected 

by  the  Moon's  raisings  tides  in  the  air,  360. 
Meridian^  first,  153. 

Line,  how  to  draw  one^  1 66. 
Mlky  wayy  what,  383. 

Montlia^  Jewish^  Arabiariy  Egyfitian^  and  Grecian^  391. 
Moon^  her  diameter  and  period,  51. 

Her  phases,  51,  218. 

Shines  not  by  her  own  light,  53. 

Has  no  difference  of  seasonsi  53. 

The  Earth  is  a  Moon  to  her,  52. 

Has  no  atmosphere  of  any  visible  density,  Sd ;  nor  seasi 

53. 

How  her  inhabitants  may  be  supposed  to  measure  theii* 
year,  55. 

Her  light  compared  with  day*light,  64« 

The  eccentricity  of  her  orbit,  73. 

Is  nearer  the  earth  now  than  she  was  formerly,  1 1 5. 

Appears  bigger  on  the  horizon  than  at  any  condderable 
height  above  it,  and  why,  131;  yet  is  seen  nearly  under 
the  same  angle  in  both  cases ;  131. 
Her  sur&ce  mountainous,  217:  if  smooth^  she  could  give 
us  no  light,  317. 

Why  no  hills  appear  round  her  edge,  3 17. 

Has  no  twilight,  218. 

Appears  not  always  quite  round  when  full,  219. 

Her  phases  agreeably  represented  by  a  globular  stohe 
viewed  in  sunshine  when  she  is  above  the  horizon, 
and  the  observer  placed  as  if  he  saw  her  on  the  top  of 
the  stone,  219. 

Turns  round  her  axis, •22 1. 

The  length  of  her  solar  and  sidereal  day,  221. 

Her  periodical  and  synodical  involution  represented  by 
the  motions  of  the  hour  and  minute  hands  of  a  watch, 
222. 

Her  path  delineated,  and  shewn  to  be  dways  concave  to 
the  Sun,  223—227. 

Her  motion  alternately  retarded  and  accelerated,  226. 

Her  gravity  toward  the  Sun  greater  than  toward  the 
Earth  ut  her  conjunction,  and  why  she  does  not  then 
abandon  the  Earth  on  that  account,  227. 

Rises  nearer  the  time  of  sun-set  when  about  the  full  in 
harvest  for  a  whole  week  than  when  she  is  about  the 
full  at  any  other  time  of  the  year,  and  why,  233—240  : 
this  rising  goes  through  a  course  of  increasing  and  de- 
creasing benefit  to  the  fanners  every  19  years,  245. 


INDEX. 

Moon  continues  above  the  horizon  of  the  poles  for  fourteen 
of  our  natural  days  together,  246. 
Proved  to  be  globular,  261 ;  and  to  be  less  than  the  Earth, 

262. 
Her  Nodes,  263;  ascending  and  descending,  267;  their 

retrograde  motion,  267. 
Her  acceleration  proved  from  ancient  eclipses,  278,  n. 
Her  apogee  and  perigee,  305. 

Not  invisible  when  she  is  totally  eclipsed,  and  why,  314. 
How  to  calculate  her  conjunctions,  oppositions,  and  eclip- 
ses, 318. 
•  How  to  find  her  age  in  any  lunation  by  the  Golden  num- 
ber, 452. 
Morning  and  evening  atar^  what,  104. 
Motion^  naturally  rectilineal,  74. 

Apparent,  of  the  planets  as  seen  by  a  spectator  at  rest 
on  the  outside  of  all  their  orbits,  94  ;  and  of  the  hea- 
vens as  seen  from  any  planet,  95. 
Xatural  dayy  not  completed  in  the  time  that  the  Earth  turns 

round  its  axis,  164. 
yev)  dXiAfull  MooTij  to  calculate  the  times  of,  318 — 328. 
Aew  Btarsy  396  ;  cannot  be  comets,  385. 
JVew  atyley  its  origin,  390. 

JVodea  pf  the  planets'  orbits,  their  places  in  the  ecliptiic,  38. 
Of  the  Moon's  orbit,  263  ;  their  retrograde  motion,  267. 
NonageBimal  degree^  what,  220. 
J^umbcr  qf  Direction^  412. 


O. 

ObjecUy  we  often  mistake  their  bulk  by  mistaking  their  dis- 
tance, 128. 
Appear  bigger  when  seen  through  a  fog  than  through 
clear  air,  and  why,  129  ;  this  applied  to  the  solution  of 
the  horizontal  Moon,  131. 

Oblique  efiherey  what,  93. 

Olym/iiadsj  what,  279,  w.     - 

Orbits  of  the  [Janets  not  solid,  39. 

Orreries  described,  430,  434,  437. 


P. 


Parallax  J  horizontal,  what,  132. 
Parallel  sphere^  what,  93, 


INDEX. 

Path  of  Uic  Moon,  223 — ^226. 

Of  Jupiter's  moons,  228. 
Pendulums^  their  vibrating  slower  at  the  equator  than  near 

the  poles  proves  that  the  Earth  turns  on  its  axis>  82, 
Penumbra  what,  305. 

Its  velocity  on  the  Earth  in  solar  eclipses,  307. 
Period  of  Eclipses j  268,' 282. 
Phases  of  the  Mooriy  213. 

Planets  J  much  of  the  same  nature  with  the  Earth,  35» 
Some  have  Moons  belonging  to  them,  35. 
Move  all  the  same  way  as  seen  from  the  Sun,  but  not  <S 

seen  from  one  another,  37. 
Their  moons  denote  them  to  be  inhabited,  66. 
Planets  the  proportional  breadth  of  the  Sun's  disc^  as  seen 
from  each  of  them,  67. 
Their  proportional  bulks  as  seen  froih  the  SuD)  67. 
An  idea  of  their  distances  from  the  Sun,  68. 
Appear  bigger  and  less  by  turns,  and  why,  68. 
Are  kept  in  their  orbits  by  the  power  of  gravity)  74,  107 

—112. 
Their  motions  very  irregular  as  seen  from  the  Earth,  97. 
The  apparent  motions  of  Mercury  and  Venus  delineated 

by  pencils  in  an  Orrery,  98. 
Elongations  of  all  the  rest  as  seen  from  Saturn,  105. 
Describe  equal  areas  in  equal  times,  109. 
The  eccentricities  of  their  orbits,  110. 
In  what  times  they  would  fell  to  the  Sun  by  the  power 

of  gravity,  111. 
Disturb  one  another's  motions,  the  consequence  of  it,  1 15. 
Appear  dimmer  when  seen  through  telescopes  than  by 
the  bare  eye,  the  reason  of  this,  1 19, 
Planetary  globe  described,  449. 
Polar  circles,  140. 
Poles  of  the  planets,  what,  38. 
Of  the  world,  what,  86. 

Celestial,  seem  to  keep  in  the  same  points  of  the  heavens 
all  the  year,  and  why,  138. 
Precession  oftheE(]ui7ioxes^  181 — 186. 
Projectile  forccy  107 ;  if  doubled,  would  require  a  quadruple 
power  of  gravity  to  retain  the  planets  in  their  orbits, 
109. 

Is  evidently  an  impulse  from  the  hand  of  the  ALMiGBTt, 

114. 
Piolemcan  system  absurd,  71,  lOO: 


INDEX. 


R. 

Hays  of  light  J  when  not  disturbed,  move  in  straight  \me%y 
and  hinder  not  one  another's  motions,  1 17. 
Are  refracted  in  passing  through  different  mediums,  1 19. 
Be/lection  of  the  atmoa/ihere^  causes  the  twilight,  123. 
Refraction  of  the  atmoafihere  bends  tjie  rays  of  light  from 
straight  lines,  and  keeps  the  Sun  and  Moon  longer  in 
sight  than  they  would  otherwise  be,  124. 
A  surprisinig  instance  of  this,  I  7. 
Must  be  allowed  for  in  taking  the  altitudes  of  the  celes- 
tial bodies,  127. 
Right  aphere^  93. 


Satellites^  the  times  of  their  revolutions  round  their  prima- 
ry planets,  51,*  58,  61. 
Their  orbits  compared  with  each  other,  with  the  orbits 
of  the  primary  planiets,  and  with  the  Sun's  circumfer- 
ence, 231. 
What  sort  of  curves  they  describe,  231. 
Saturn^  with  his  ring  and  moons,  their  phenomena,  60 — 62. 
The  Sun's  light  1000  times  as  strong  to  Saturn  a3  the 

light  of  the  full  Moon  is  to  us,  64. 
The  Phenomena  of  his  ring  farther  explained,  149. 
Our  blessed  Saviour,  the  darkness  at  his  crucifixion  super- 
natural, 317. 
The  prophetic  year  of  his  crucifixion  found  to  agree  with 
an  astronomical  calculation,  416. 
Seasons^  different,  Illustrated  by  an  easy  experiment,  141; 

by  a  figure,  145. 
Shadowj  what,  261. 

Sidereal  time^  what,  1 60  %  the  number  of  Adereal  days  in 
a  year  exceeds  the  number  of  solar  days  by  one,  and 
why,  164. 
An  easy  method  for  regulating  clocks  and  watches  by  it, 
164. 
Smith  (Rev.  Dr.)  his  comparison  between  moon-light  and 
day-light,  64. 
His  demonstration  that  light  decreases  as  the  square  of 
the  distance  from  the  luminous  body  increases,   1 18. 
(Mr,  George)  his  Dissertation  on  the  progress  of  a  solar 

eclipse ;  following  the  tables  at  276. 
Solar  astronomer^  the  judgment  he  might  be  supposed  to 
mi^e  concerning  the  planets  and  stars,  95,  96. 


INDEX. 

^Jihercy  parallel,  oblique,  and  right,  93. 

Its  circles,  140. 
S firing  and  neafi  tides,  253. 

Stars,  their  vast  distance  from  the  Earth,  32,  138. 
Probably  not  all  at  the  same  distance,  32. 
Shine  by  their  own  light,  and  are  therefore  Suns,  33  j 

probably  to  other  worlds,  33. 
A  proof  that  they  do  not  move  round  the  Earth,  78. 
Hjive  an  apparent  slow  motion  round  the  poles  of  the 

ecliptic,  and  why,  186. 
A  catalogue  of  them,  382. 
Cloudy,   384. 
New,  385. 

Some  of  them  change  their  places,  386. 
Starry  heavens  have  the  same  appearance  from  any  part  of 

the  solar  system,  94. 
Sun,  appears  bigger  than  the  stars,  and  why,  33. 
Turns  round  his  axis,  37. 

His  proportional  breadth  as  seen  from  the  different  plan- 
ets, 67. 
Describes  unequal  arcs  above  and  below  the  horizon  at 

different  times,  and  why,  92. 
His  centre  the  only  place  from  which  the  true  motions  of 

the  planets  could  be  seen,  95. 
Is  for  half  a  year  together  visible  at  each  pole  in  its  tum» 

and  as  long  invisible,  141,  246. 
Is  nearer  the  Earth  in  winter  than  in  summer,  151. 
Why  his  motion  agrees  so  seldom  with  the  motion  of  a 

well-regulated  clock,  165 — 181. 
Would  more  than  fill  the  Moon's  orbit,  231. 
Proved  to  be  much  bigger  than  the  Earth,  and  the  Earth 

to  be  bigger  than  the  Moon,  262. 
Systems,  the  solar,  37 — 71  ;   the  Ptolemean,  71  •,  the  Ty- 

chonicj  72. 


T. 

7 able  of  the  periods,  revolutions,  magnitudes,  distances,  is^c, 

of  the  planets,  73, 
Of  the  air's  rarity,  compression,  and  expansion,  at  diflfei*- 

cnt  heights,  122. 
Of  refractions,  126. 

For  converting  time  into  motion,  and  the  reverse,   159. 
For  shewing  how  much  of  the  celestial  equator  passes 

over  the  meridian  in  any  part  of  a  mean  solar  day  : 


INDEX. 

and  how  much  the  stars  accelerate  upon  the  mean  solar 
time  for  a  month,  1 63. 
Table  of  the  first  part  of  the  equation  of  time^  171  ;  of  the 
second  party  178.  • 
Of  the  precession  of  the  equinoxes,  183. 
Of  tlie  length  of  sidereal,  Julian,  and  tropical  years,  189. 
Of  the  Sun's  place  and  anomaly,  190—192. 
Of  the  equation  of  natural  days,  194-*205.  / 

Of  the  equation  of  time,  208— >216. 
Of  the  conjunctions  of  the  hour  and  minute  hands  of  a 

watch,  222. 
Of  the  curves  described  by  the  satellites,  232. 
■    Of  the  difference  <^  time  in  the  Moon's  rising  and  setting 
on  the  parallel  of  London  every  day  during  her  course 
round  the  ecliptic,  236. 
Of  the  returns  of  a  solar  eclipse,  272, 975. 
Of  eclipses,  285 — 302. 
For  calculating  new  and  full  Moons,  and  eclipses,  399*-. 

346. 
Of  the  constellations  and  number  of  stars,  382, 383. 
Of  the  Jewiahj  Egyfitian^  Arabic^  and  Grecian  months, 

392 — 394. 
For  inserting  the  Grolden  numbers  right  in  ^e  calendari 

397. 
Of  the  times  of  all  the  new  Moons,  for  76  yearsi  403— • 

411. 
Of  remarkable  xras  or  events,  422,  423. 
Of  the  Golden  number.  Number  of  Direction^  Dominical 
letter,  and  days  of  the  months,  424— 429. 
Thalss's  eclipse,  279. 
TaucTDiDSs's  eclipse,  S81. 
Jld€9^  their  cause  and  phenomena,  249— 260i 
Ttde^XHiii  described,  454. 
Trajectorium  Lunare  described,  452, 
Tropics^  140. 

Twilight^  none  in  the  Moon,  218. 
Tychonzc  system  absurd,  72. 


U. 

Univerae^  the  work  of  Almighty  Power,  32,  1 14. 

Ufi  and  dovnij  only  relative  terms,  .86. 

U/ifter  ov  under  side  of  the  Earthy  no  such  thing,  87. 


INDEX* 


V. 

Velocity  f^  Light  compared  with  th«  Telocity  of  the  Earth  iD 

its  annual  orbit,  139.  . 
Venusy  her  bulk,  distance^  period^  length  of  days  ai^d  nights^ 
41. 
Is  our  morning  and  evening  star,  42. 
Her  axis,  how  situate,  43. 
Her  surprising  phenomena,  43—47. 
The  inclination  of  her  orbit,  48. 
When  she  will  be  seen  on  the  Sun,  48. 
How  it  may  probably  be  soon  known  if  she  has  a  satel- 
lite, 48. 
Appears  in  all  the  shapes  of  the  Moon,  40,  101. 
An  experiment  to  shew  her  phases  and  apparent  motion, 
101. 
,Fuion,  how  CHOsed,  lit. 


W. 

^eaihety  not  hottest  when  then  Sun  is  nearest  to  us^  and 

why,  151. 
Weighty  the  cause  of  it,  S6. 
wdndi  not  eternal,  116. 


Y. 

Wfflr,  Tropical,  Sidereal,  Lunar,  Civil,  389  ;  Bissextile, 
Romany  390 ;  Jewish^  Egyptian^  jirabicy  and  Greciarij 
391,  394;  how  long  it  would  be  if  the  Sun  movpd 
round  the  Earth,  73.. 


Z. 

2^cfiac,  what,  381. 

How  divided  by  the  anci^^ts,  381. 
ZQn\8<i  what,  14!. 
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